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ABSTRACT 



Four hundred ninety secondary mathematics teachers at eleven urban sites around the United 
States were surveyed to discover their conceptions of mathematics, mathematics teaching, 
recommended change in mathematics education, mathematics education, and schooling. The teachers 
were situated in sites targeted by the Ford Foundation for its Urban Mathematics Collaborative 
(UMC) Project Forty-seven percent of respondents were frequent participants in the UMC project, 
4: percent were occasional participants, and 8 percent had never participated in UMC activities. An 
additional group of 40 UMC teachers were asked to respond in writing to corresponding items on the 
Diary of Professional Relationships survey. Responses, in general, indicate that teachers view 
mathematics primanly as thinking. They want their students to think critically, to understand and 
use mathematics effectively, and to appreciate the value and beauty of mathematics. 

Teachers* conceptions were examined in relation to profiles of their responses across six 
hypothesized conceptions of mathematics: (1) mathematics as a process in which abstract ideas are 
applied to solve real-world problems; (2) mathematics as a language, used to represent and 
communicate ideas; (3) mathematics as a collection of concepts and skills; (4) mathematics as thinking 
in a logical, scientific manner, as a means to develop understanding; (S) mathematics as facts, skills, 
rules and concepts learned in a particular sequence and applied in work and future study; and (6) 
mathematics as an interconnected logical system, dynamic and changing, formed by thinking about 
actions and experiences* Four exclusive clusters of teachers were found to differ in their views 
toward mathematics. The majority of teachers seemed to hold an eclectic view of mathematics, but 
two groups in particular differed. One of these groups viewed mathematics as dynamic and changing, 
while the other viewed mathematics more as a fixed body of skills and rules. These conceptions of 
the nature of mathematics were found to be related to teachers* conceptions of mathematics teaching, 
recommended change, mathematics education, and schooling. 

In addition, teachers* responses were analyzed by their level of participation in UMC 
activities. These responses suggest that the UMC project has had a positive impact on teachers* 
knowledge of, and approach to, teaching mathenr.atscs. Frequent participants held more favorable 
views towards a number of recommended changes in mathematics education than Occasional or 
Nonparticipants. In addition, Frequent participants reported to a greater extent than both Occasional 
and Nonparticipants that they enjoy teaching mathematics. These findings were supported by 
teachers* written responses in the Diary of Professional Relationships. 

When examined for differences across the eleven UMC sites, the patterns in teachers* 
responses point out the importance of considering site-factors in developing teacher empowerment 

XV 



15 



projects such as the UMC endeavor. Not surprisingly, the role of technology, in particular, seems to 
be a direct reflection of the quantity of technological materials available for use by teachers— an 
availability that is highly variable across sites. In addition, teachers f rem different sites held differing 
views on the place of competition in motivating students and on issues concerning minimum 
competency standards and the prognostic testing of students. 

The results of this survey are discussed in relation to the effort of the UMC project to 
empower teachers and ultimately to help reduce their feelings of isolation and burnout. 
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I, INTRODUCTION 



This paper reports the opinions of urban mathematics teachers concerning five areas of school 
mathematics: Mathematics, mathematics teaching, recommended changes in mathematics education, 
mathematics education, and schooling in light of the NCTM's new Curriculum and Evaluation 
Standards for School Mathematics {19^9) and mathematics education reform. The present document 
is intended initially as a description of teachers* conceptions of mathematics and the relationship 
between these conceptions and teachers' opinions in each of the other four areas. It is predicted that 
differences in teachers' conceptions of the nature of mathematics will reflect differences in opinions 
on how mathematics is taught, and what changes are deemed necessary for the effective teaching of 
mathematics. These descriptions will be used in conjunction with a variety of other data to document 
the evolution of the Urban Mathematics Collaborative project (Webb, Pittelman, Romberg, Pitman, 
Fadell, & Middleton, 1989) as one facet of the mathematics education movement. 

The Urban Mathematics Collaborative Project 

The Urban Mathematics Collaborative (UMC) project was initiated in 1984 in order to 
improve mathematics education in urban schools and to identify new models for meeting the 
professional needs of high school teachers by (1) exposing them to new trends in the field of 
mathematics and (2) fostering a sense of support from and coUegiality with mathematicians in both 
business and universities, as well as with other mathematics teachers. Underlying the purpose of the 
UMC project is the assumption that teachers are the key to educational reform, advancement, and 
quality. Through support of the Ford Foundation, both of its human and financial resources, it was 
predicted that local organizations of mathematics teachers in several urban sites across the United 
States could reduce teacher feelings of isolation, engender a renewed sense of professionalism and 
enthusiasm, and ultimately encourage innovative teaching practices, such that mathematics education 
in these sites would be qualitatively improved (Ford Foundation, 1987; Middleton, Webb, Romberg, 
Pittelman, Pitman, Richgels, & Fadell, 1989). 

The Ford Foundation's effort to develop collaborative projects is a direct consequence of the 
current concern that American education is in a state of crisis* Recent national reports by the 
government, academic organizations, and private foundations argue that education in the United 
States has not been successful in providing all students with the skills, concepts^ and attitudes 
requisite for personal growth and advancement, and for maintaining the role of the United States as 
an international leader in business, industry, science, and technology. School mathematics has been 
the focus of much of this criticism (Romberg, 1984). 
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The Second International Mathematics Study (SIMS) raised concern about the effectiveness 
of mathematics education in the United States compared to programs in other countries (Crosswhite, 
Dossey. Swafford, McKnight, & Cooney, 1985). Results indicated that mathematics students in the 
United States did not perform well based on international standards. Compared to students in other 
countries, eighth-grade mathematics students in the United States were found to demonstrate only 
average proficiency in mathematics. In addition. United States twelfth graders who were enrolled in 
regular college preparatory precalculus courses scored only at the 25th percentile when compared to 
the international sample. The study concluded that in the United States, mathematics is taught in a 
"fragmented" fashion— topics arc treated without any attempt to integrate them into a cohesive, 
unified framework. Further, the SIMS study concluded that many mathematics programs in the 
United States were "low intensity," not preparing students adequately for further study. 

Results from the first and second assessment of the National Assessment of Educational 
Progress (NAEP) indicated that United States mathematics students had a high degree of proficiency 
in routine computational skills, but showed severe deficiencies at all age levels studied (9, 13, and 17 
years) in solving nonroutine problems. In addition, the majority of students at all age levels showed 
deficiencies in other basic skill areas including geometry, measurement, and probability and statistics. 
These studies concluded that students tended to be passive recipients of mathematical knowledge; that 
they tended to feel as if they had little opportunity to interact with their class and discuss 
mathematical concepts (Carpenter, Coburn, Reys, and Wilson, 1979; Carpenter, Corbitt, Kepner, 
Lindquist, & Reys, 1981). 

Compounding these problems, additional reports have indicated that the majority of secondary 
school mathematics teachers in the United States do not meet current professional standards (National 
Research Council, 1989), and that over 15 percent of teachers in the United States teach courses for 
which they are not certified. 

The Holmes Group (1986) emphasized the need for teachers of all disciplines to be thoroughly 
grounded in their subject matter in order to provide an adequate articulation of knowledge. They 
recommend that only college graduates with outstanding records in their subject area should be 
acceptable as teachers. Teachers must understand the nuances of their subject sufficiently to meet 
the individual needs of all students, from the most basic to the most advanced. Teacher education 
innovations cannot be implemented only for incoming teachers; individuals who are already certified 
and teaching need the opportunity to advance their knowledge of mathematics as innovations in the 
field arise. For those teachers already in the classroom, greater autonomy is more likely to come with 
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increased subject matter knowledge and with greater knowledge of teaching and practical experience 
in pedagogy (Maeroff, 1988). 

One of the initial goals of the Ford Foundation in establishing the UM C project was to enable 
teachers to enlarge their conception of mathematics and their repertoire of classroom strategies and 
skills related to mathematics in order to be able to integrate mathematical concepts into a cohesive 
sequence in their teaching (Romberg* 1984). One intent of the Ford Foundation was to provide 
nondirective support for each of the collaborative sites in order to respond to the unique needs and 
potential direction of each individual site* 

In 1984, coUaboratives were initiated in five cities: Cleveland, Minneapolis/St. Paul, Los 
Angeles, Philadelphia, and San Francisco. Within 18 months of the conception of the project, six 
more sites were added**Durham, Pittsburgh, San Diego, St. Louis, Memphis and New Orleans** 
making a total of eleven Urban Mathematics CoUaboratives* Each site is autonomous, yet exists 
within the support structure of the entire project. Each has the responsibility for gathering support 
(both financial and human) from local sources so that, eventually, each site will be self-sustaining. 

At the start of the project, the Ford Foundation established a I>ocumentation Project at the 
University of Wisconsin- Madison to chronicle the progress of individual coUaboratives and each 
collaborative*s efforts in fulfilling the goals of the project. The Documentation Project was designed 
to gather information from sites for a period of six years (1985 through 1990), until all of the sites 
had the potential to evolve to a permanent structure. The Education Development Center, Inc. (EDC), 
a non-profit research and development organization located in Newton, Massachusetts, was engaged 
by the Ford Foundation to provide technical assistance to the coUaboratives, to disseminate 
information about the UMC project, and to facilitate expansion of the collaborative concept to other 
sites. The Documentation Project and the Technical Assistance Project (TAP) located at EDC, link 
^ the eleven coUaboratives by sharing ideas and individual successes among sites and by providing an 
informational link for teachers to use in communicating with participating teachers at other sites. 

This research report is one in a series of reports designed to provide comprehensive 
information on the UMC project as a whole as each site continues the effort to meet its own unique 
needs and to illuminate facets of the project that may be of help to urban mathematics teachers 
around the country. 
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Factors Influencing Teachers* Conceptions of Mathematics 

History 

Teachers are profoundly influenced by the ways in which they were taught mathematics 
during their own schooling (Maeroff, 1988). Of the target population for the present study, teachers 
who are frequent participants in the UMC project, 15 percent took their last college course for credit 
between 1961 and 1970, during the peak of the New Math era; 38 percent took their last college 
course in the 1970s, at the height of the Back-to-Basics movement; and 46 percent took their last 
college course after 1980, the period of the current reform movement (Middleton et al., 1989). Such 
diverse mathematics backgrounds suggest potential differences in teachers' conceptions of 
mathematics and of mathematics education. 

For most of the first half of the twentieth century, behaviorism dominated the education and 
psychology fields; consequently, the dominant conception of school mathematics was that of a 
hierarchy of skills that enabled students to perform with a high degree of accuracy on prescribed 
problems (Resnick & Ford, 1981). This resulted in an approach to teaching that focused on a detailed 
hierarchy of behavioral objectives, skills at the bottom of the hierarchy requisite for eliciting 
behaviors higher in the chain. Instruction reinforced lower-order skills until a high degree of 
accuracy was achieved. Then, behaviors would be combined (such as performing operations within 
parentheses first, then dividing by the common denominator) to solve more complex problems. 

During the New Math movement of the 1960s, school mathematics was emphasized as a system 
of knowledge with a logical structure. Mathematicians and mathematics educators, in response to the 
post-Sputnik panic, reorganized the content of school mathematics into a framework that stressed the 
interconnections between mathematical concepts. Although proponents believed that individuals 
organized their own knowledge, they also believed that the organization inherent in the field of 
mathematics should be transmitted to students as a framework for attaching new or more specific 
concepts (NCTM, 1970). In addition, mathematical rigor and precision were seen as central to 
understanding the logic of mathematics. Note the difference in the objectives between the 
structuralist position of the New Math researchers and the behaviorists. The latter emphasized 
learning of discrete mathematical behaviors, while the former emphasized learning the organizational 
framework of mathematics content. 
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s 

The disillusionment of some educators and especially the public following the New Math era 
led to the Back -to- Basics period of the 1970s and early 1980s. Although there was a renewed 
emphasis on behavioral objectives, successes during the New Math era were also incorporated into 
the curriculum, such as the use of manipulatives. However, Back-to-Basics appears to have been 
short-lived primarily due to the reaction to national reports such as the National Assessment of 
Educational Progress (Carpenter, Coburn, Reys, & Wilson, 1979; Carpenter, Corbitt, Kepner, 
Lindquist, & Reys, 1981), indicating the poor mathematical performance of students in the United 
States. Associated with this period was increasing pressure for accountability. With the decline in 
standardized test scores (e.g., SAT), the states reacted by legislating new graduation requirements and 
mandating the passing of competency tests. By 1984, nearly 80 percent of the states had some form 
of competency testing program. 

The growing dominance of cognitive theories in the behavioral sciences, increased variety of 
applications of mathematical knowledge, a renewed emphasis on interconnectedness in the 
mathematical sciences, and the pervasive presence of the computer have served to dramatically change 
the field of mathematics itself, as well as the approaches taken by the education community to 
communicate these changes (Hilton, 1987). The concept of mathematics currently gaining in 
popularity, which forms the basis for the Standards, emphasizes the dynamic, changing nature of 
mathematics — the belief that mathematics is a human construction based on observation and reflection 
within an activity having some purpose (NCTM, 1989). 

In addition, owing to the pervasiveness of a constructivist epistemology in educational 
psychology, mathematical meaning is seen as being unique to the individual; that is, the individual 
constructs his or her own conception of mathematics and gives meaning to that construction by 
attaching new mathematical information to previous knowledge of mathematics and ultimately to his 
or her way of viewing the world. A large percentage of UMC teachers have taught mathematics for 
15 to 20 years (Middleton et al., 1989), and consequently have been exposed to periods of flux in the 
interpretation of what school mathematics should be. This suggests the potential for a large variation 
in what collaborative teachers may view as the nature of mathematics and mathematics education. 
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Conditions of Urban Teaching 

Teachers in urban schools face difficulties and challenges unique to their urban environment. 
Overcrowding, student absences, linguistic factors, and students' lack of prior content knowledge 
greatly affect the ways in which urban teachers can articulate course content to their students 
(Middleton et al., 1989; Cole & Griffin, 1987). These contextual deteri.iinants of what mathematics 
is actually taught can affect teachers' views of the nature of school mathematics itself. Differences 
in the salience of contextual factors in different urban centers, then, should reflect differences in 
teachers' views about how mathematics should be taught and about the role of the mathematics 
teacher in both the classroom and the community (Popkewitz & Myrdal, in preparation). 

Individual Differences 

In addition, the degree of teacher training, professional development, and the autonomy 
teachers are afforded differ from one urban center to another (Middleton et al., 1989). These 
situational factors interact with conditions common to urban teachers and the social history of the 
teacher such that each teacher constructs a personal representation of the nature of mathematics and 
its relationship to mathematics education within his or her unique environment. Thus, positive, 
effective change in the way" in which mathematics is taught in our urban schools must focus on the 
teacher and his or her interaction with students, colleagues, and community. 

As previously stated, one of tlx initial goals of the UMC project was to allow teachers the 
opportunity to develop their repertoires of mathematical knowledge and skills and to provide them 
with opportunities to interact with other teachers and with mathematicians in higher education, 
business, and industry (Romberg, 1984). Implicit in this goal is the assumption that teachers' beliefs 
about what constitutes the field of mathematics will greatly affect the ways in which they present the 
field of mathematics to ti.eir students. For example, a teacher with a behavioral perspective, i.e., a 
teacher who sees mathematics as an intricate chain of discrete behaviors, will tend to teach 
mathematics by drill and practice, while a constructivist will tend to use more discovc/y learning. 

Unfortunately, or fortunately, depending on how you look at it, conceptions of mathematics 
are not so distinct. Individuals may embody behaviorist principles for certain aspects of their 
teaching and constructivist principles for others. To assess differences in teacher conceptions of 
mathematics, one must use a multivariate approach, i.e., one must analyze several factors that may 
interact in some significant fashion in forming an individual's personal concept. As always, when 
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practices are changed and when emphases shift, teachers are the medium by which these shifts are 
actualized in the classroom. Historically, when teachers, and their conceptions of a subject and how 
it is taught and learned, have not been factored into curriculum development, a translation of the new 
ideal curriculum to the actual curriculum is made substantially more difficult due to the inertial 
characteristics of old teaching systems (e.g., Romberg, 1988). 

Collaboration and Conceptions of Mathematics 

An assumption implicit to the UMC effort is that teacher collaboration will qualitatively affect 
(i.e., change) individuals* conceptions of mathematics and mathematics education* Depending on the 
dynamics within each of the eleven UMC sites, participants should affect each others' views through 
professional dialogue. It was hoped that the opportunities for professional development, consistent 
with the spirit of mathematics education reform, would give participants flexibility in their thinking 
about mathematics such that they could model for their students a variety of problem-solving 
strategies. Thus, it was central to the purpose of this research to assess differences in teachers 
conceptions by their level of participation in collaborative events and programs. 

All eleven UMC sites have sponsored activities emphasizing that mathematics undergoes 
constant change, and that school mathematics should change accordingly. These activities, combined 
with professional dialogue with other mathematics teachers, have the potential of impacting how 
teachers view mathematics as a discipline* Teachers in school districts targeted by the UMC project 
were surveyed to register their conceptions of mathematics and to detect the relationship, if any, that 
collaborative participation had in forming these conceptions. The results of the present survey were 
analyzed to provide a description of teachers' conceptions of mathematics and to understand how 
collaboration and other contextual factors influence these conceptions. These conceptions were 
analyzed not only by level of teacher participation, but also by site. In this way, the qualitative 
differences among UMC sites could be addressed, along with the patterns of participation both within 
and across coUaboratives* The contrast across collaboratives will provide information on the 
influences of different activities and emphases on the development of the collaboratives that have 
been significant. 
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Conceptions of Mathematics 

Buck (1965), in reaction to what he felt was an overemphasis on che structure of mathematics 
promoted by the New Math movement, advanced six universal goals for preparing effective 
instructional materials that reflect the interrelationship between mathematics and human 
understanding and action: 

1. To provide an understanding of the interaction between mathematics and reality; 

2. To convey the fact that mathematics, like most disciplines, is built upon intuitive 
understandings and agreed conventions, and that these are nor eternally fixed; 

3. To demonstrate that mathematics is a human activity, that its history is marked by 
inventions, discoveries, guesses (both good and bad), and that the frontier of its 
growth is covered by interesting unanswered questions; 

4. To contrast Vgument by authority" and "argument by evidence and prooP; to explain 
the difference between "not proved" and "disproved," and between a constructive 
proof and a nonconstructive proof; 

5. To demonstrate that it is important to ask the question ''Why?" and that, in 
mathematics, an answer is not always supplied by merely giving a detailed proof; and 

6. To show that complex things are sometimes simple, and simple things aie sometimes 
complex; and that, in mathematics as well as in other fields, it pays to subject a 
familiar thing to detailed study, and to sometimes study that which seems hopelessly 
intricate. 

The conception of mathematics embodied by these six statements seems to be one of logical 
questioning and discovery. Although advanced in the early 1960s, these goals permeate the new 
Curriculum and Evaluation Standards for School Mathematics (NCTM, 1989) proposed by the 
National Council of Teachers of Mathematics as criteria for determining the worth of school 
mathematics programs and as a framework for developing new curricula. The Standards, the credo 
of the new reform movement in school mathematics, emphasize that students are to know mathematics 
as problem solving, reasoning, communication, and as a connection to other areas of study. The 
Standards also emphasize that students are to value mathematics and its cultural and historical role 
and to develop confidence in their own ability to do mathematics. The Standards place less emphasis 
on the behavioral objectives of the Back-to-Basics era and substantially more emphasis on the 
cognitive processes by which the mathematics student goes about solving problems**both real and 
theoretical* Yet at the same time, the Standards emphasize that students need to be able to do 
mathematical operations in order to solve mathematical problems, 
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Buck's original six goals were amplified by the NCTM into five ecumenical goals for 
curriculum and evaluation in school mathematics* According to the Standards (pp. 5-6), students 
should: 

1 . Learn to value mathematics; 

2* Become confident in their own abilities; 

3. Become mathematical problem solvers; 

4. Learn to communicate mathematically; and 

5. Learn to reason mathematically* 

These statements embody a conception of mathematics that is dynamic, creative, and both necessary 
in meeting and rooted in the real world. 

In response to the question. What do teachers think about the current and future status of 
mathematics education? it is necessary to try to determine teachers* views regarding the nature and 
relative importance of the different facets of the discipline they teach. The five conceptions of the 
nature of mathematics discussed below provide an incomplete, but useful, taxonomy by which 
teachers* views can be assessed. Each conception relates to a specific nonexclusive facet of 
mathematics, thus we expect that the majority of teachers will agree to some extent with several 
facets. It is not necessarily the extent to which teachers agree to each facet that is of interest; rather, 
the pattern of responses across conceptions, both positive and negative, should reveal the ways in 
which teachers represent and operate on the field of mathematics in their roles of articulating this 
knowledge. In addition, teachers enter their classrooms with a repertoire of beliefs, attitudes, and 
skills that they use in determining the ways in which they approach mathematics teaching (McLeod, 
1988). It follows that teachers* beliefs about what constitutes the field of mathematics, what 
constitutes mathematical knowledge, and how mathematical knowledge is acquired should greatly 
affect the ways in which they interact with students, administration, and other teachers. At the most 
basic level, mathematics can be conceptualized as either primarily number facts and algorithms, or 
primarily conceptual problem solving--doing mmhematics vi. do mathematics (e.g., Resnick & 
Ford, 1981). It is easy to envision how teachers who hold these differing views of mathematics wotild 
teach the same content in vastly different ways. 
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Mathematics Is a Collection of Skills To Be Used in the Workplace 

Historically, mathematics education in the United States has existed for the express purpose 
of creating a competent workforce. Shopkeepers, clerks, industrial workers, and farmers needed to 
understand the basics of arithmetic, some Euclidean geometry, and perhaps some basic algebra in 
order to do their jobs effectively (NCTM, 1970). Only a small elite would advance in their 
mathematical knowledge at the college level. This approach to teaching mathematics, and 
consequently the views of a significant proportion of citizens, still centers on Back-to-Basics 
(Romberg, 1988). 

Putnam and Leinhardt (1986) found that many successful mathematics teachers who hold this 
viewpoint developed "curriculum scripts" based on the skills and concepts they are required to teach. 
These scripts accounted solely for the content to be covered and differed very little according to the 
individual differences in their classes. This conception of how mathematics is learned provides 
predictability and coherence to mathematics teaching by establishing clear, well-defined objectives 
to be met by both teacher and student (Lampert, 1987). 

These basic skills, although necessary, are no longer judged sufficient for adequate 
functioning in an information society (Romberg, 1988). Therefore, other conceptions regarding the 
general nature of mathematics interact with the emphasis on skills to provide the student with a 
workable knowledge of modern mathematics. 

Mathematics Is a Language 

Studying mathematics has sometimes been likened to the learning of a foreign language--i.e., 
learning grammar and vocabulary and manipulating them in such a way as to be meaningful to both 
the speaker and the audience (e.g., Pimm, 1987). Further, if the language metaphor is extended, 
mathematics may be seen as a medium for logical discourse, and "native speakers" of mathematics will 
be able to understand and communicate using this language far better than naturalized speakers. 
Thus, there has been increasing concern on the part of educators who hold this conception about the 
linguistic properties of mathematics and their influence on teaching. 

Learning to communicate mathematically is included as one of the five overriding goals of 
the Standards (NCTM, 1989). The NCTM Commission states that development of students* power 
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to us« mftthematics involves learning not only the signs, symbols, and terminology of mathematics, 
but also the oral and written communication of ideas that can be conveyed in the language of 
mathematics* 

Teachers who view mathematics as a language may encourage student discourse and the 
articulation of mathematical concepts throughout the lesson (e.g., Pimm, 1987). In addition, these 
teachers encourage active listening, or attempt to ferret out the gist of what another is trying to 
communicate in a mathematical way. 

Mathematics Is Application 

There is growing controversy in the mathematics community about the extent to which 
mathematics is the uses to which **pure" mathematical concepts and procedures can be put* Many 
applied mathematicians in business and industry, as well as in the sciences, feel that the inspiration 
for all mathematical theories is ultimately grounded in the physical world (e*g*, Halmos, 1981), 
Integral to this notion of the nature of mathematics is the concept of mathematical modeling (Spanier, 
1981)* The true nature of mathematics, then, is embodied in its capacity to describe, predict, and 
understand various aspects of the physical world. Although few people deny the fact that "pure** 
mathematics exists, applied mathematicians view their mathematics as a tool for solving the numerous 
problems associated with today's technological world, rather than as the topic of study itself. 

This conception can be distinguished from mathematics as a ''collection of skills to be used in 
the workplace** in that applied mathematicians value the ability to find new, more elegant or efficient 
ways of solving problems related to their work, while individuals espousir the collection-of -skills 
conception see mathematics as a tool that needs no modification to do preL:>jtable, specific jobs. 

Mathematics Is a Way of Thinking 

Others view mathematics as an aesthetic, logical way of developing understanding* The 
pursuit of mathematical knowledge is an end in itself, although the knowledge obtained may be useful 
in a variety of applications (Halmos, 1981), Mathematics, in and of itself, gives the people who 
adhere to this view a great deal of intrinsic joy, and this drives them to do more of it (e*g., Dorfler 
Sl McLone, 1986), This is perhaps the most classical view of mathematics, since it can be traced back 
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to the Greek notion of mathematics as knowledge. The term mathematics is derived from the Greek 
mathema^ which means literally "to know." 

Mathematics Is a Dynamic System 

The changing nature of mathematics is evident in the new fields that have arisen within the 
mathematical domain in the past hundred years. The computer revolution has provided the number- 
crunching capability that has transformed the field of statistics, for example, from a collection of 
relatively simple hypothesis- testing techniques into a powerful field that encompasses mathematical 
modeling, test theory, and trend analysis as well as other areas. The field of topology was virtually 
unknown 75 years ago. These innovations in the field of mathematics have engendered a view that 
mathematics is a dynamic system, drawing from knowledge and innovation in a variety of areas as 
new problem situations arise. Many of the new recommendations for mathematics education espouse 
this view (NCTM, i989). This conception of mathematics is the only one that encompasses aspects 
of all five views. 

The interconnectedness embodied by this conception is apparent in the mathematics 
community (Hilton. 1987; National Research Council, 1970). The NRC in particular emphasizes that 
mathematicians from diverse areas of the field are joining forces to develop new areas of study, 
algebraic geometry for instance. This confluence of topics and theory has opened up vast avenues 
for inquiry that can be viewed through a variety of mathematical lenses (e.g., NCTM, 1989). 

It is expected that teachers in the present study will rate these conceptions in a manner that 
will reflect their personal conceptions regarding the nature of mathematics. It is assumed that these 
conceptions influence the way that teachers feel about mathematics instruction, recommended changes 
in the mathematics curriculum, important facets of mathematics education, and the implications of 
schooling for children and society. Their conceptions will also provide important information on the 
nature of their particular collaborative and on collaboration in general. 



28 



13 

II. METHOD 
Sample and Procedure 

For each collaborative, a list of former respondents to UMC Documentation Project 
questionnaires was generated and distributed to the project coordinator or a designated representative. 
The coordinator or representative from each site was asked to distribute the Teachers' Conceptions 
of Mathematics and Mathematics Education (TCMME) survey to each teacher on the list. In addition, 
the representative was asked to distribute questionnaires to teachers who had not completed a UMC 
survey in the past, such that the ratio of frequent participants, occasional participants, and teichers 
who had never participated in collaborative activities would be approximately 50:30:10. Of the 990 
questionnaires distributed, 490 were returned, for an overall response rate of 49 percent* The total 
number returned within each participation level was 232 (47%) for frequent participanils, 203 (41%) 
for occasional participants, and 40 (8%) for teachers who never participated* Four percent of 
respondents did not indicate their level of participation in collaborative activities. See Table 1 for 
the response rate by collaborative. 

Aft(^r responses had been returned, collaborative representatives were asked to rate the 
participation level of each respondent as a simple validity check. A nonparametric technique was 
used to compute an index of similarity between participation level as rated by collaborative 
representatives and participation level as rated by the respondents themselves. Results indicate 
moderate agreement (V ■ 0*65, p < .001 ). This moderate value indicates that, in general, collaborative 
representatives agree with teachers* views of their own level of participation. However, the moderate 
value indicates that many teachers rate themselves as frequent participants whereas collaborative 
representatives rate many of those teachers as occasional participants. It is unclear whether the 
collaborative representatives have stricter standards than the teachers for rating participation level. 
In addition, in some of the larger collaboratives, representatives may not be able to become familiar 
with all members on a personal basis, thus may find it difficult to rate them as frequent participants. 

The Teachers Conceptions of Mathematics and Mathematics Education Survey 

The TCMME Survey is organized into five sections intended to garner information on 
teachers' conceptions regarding five areas of mathematics education: (1) the nature of mathematics. 
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(2) mathematics teaching, (3) recommended changes in the mathematics curriculum, (4) mathematics 
education, and (5) schooling. All items were organized on a 5-point Likert scale (1 « low, 5 - high). 
Items were randomly ordered within each section of the finished instrument. 

Table 1 

Number and Percent of Teachers Returning the TCMME Questionnaire for Each Level of Participation 
by Collaborative 



Participation Level 



Collaborative 


Frequent 


Occasional 


Never 




N(%) 


N(%) 


N (%) 


Cleveland 


28 (80) 


7 (20) 


0(0) 


Durham 


23 (55) 


13 (31) 


5(12) 


Los Angeles 


34 (53) 


18 (28) 


12 (19) 


Memphis 


28 (65) 


13 (30) 


1 (2) 


New Orleans 


22 (48) 


18 (39) 


2 (4) 


Philadelphia 


16(38) 


26 (54) 


1 (2) 


Pittsburgh 


18 (24) 


46 (68) 


5 (7) 


San Diego 


15 (47) 


15(47) 


2 (6) 


San Francisco 


15 (43) 


10 (29) 


8(23) 


St. Louis 


5(22) 


15(65) 


3(13) 


Twin Cities 


28 (52) 


22 (41) 


1 (2) 


Total 


232 (47) 


203 (41) 


40 (8)* 



*Four percent of respondents did not indicate their level of participation 



Conceptions of Mathematics. 

Scheding (1981) developed an instrument that assessed the conceptions of teachers and 
university mathematicians regarding the nature of mathematics. The Scheding instrument cited seven 
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facets of mathematics: 

1. Mathematics as an organized body of knowledge, and the generality of mathematics. 

2. The nature and attributes of proof, and the roles of induction and deduction in 
mathematical discovery and proof 

3. The role of insight and intuition in mathematics. 

4. Mathematics as an aesthetic, creative art; the beauty of mathematics* 

5. The relative importance of massive or complex numerical calculations and abstract or 
symbolic thought in the work of the mathematician* 

6* '^ht relationship between mathematics and the real world; the extent to which 

applications of mathematics are mathematics. 
7. The existence of differing views of the nature of mathematics. 

Conroy (1987) incorporated views postulated by Howson (1973), condensing and making 
Scheding*s (1981) original seven facets more specific to what it means to do mathematics based on a 
given conception* Conroy*s six revised conceptions include: 

1. Mathematics is a collection of concepts and skills that can be arranged in a sequence 
from simple to complex. Mathemudcal activity consists of the use of these concepts 
and skills in a search for right answers and elegant solutions to a variety of real and 
imagined problems. 

2. Mathematics consists of a complex and interconnected system of logical structures. 
These structures are formed initially by observing and reflecting on certain actions 
and experiences but later emerge as a system of abstractions and generalizations, 
which are the result of deductive reasoning independent of action. 

3. Mathematics is the process of applying abstract ideas and inferences to the solution 
of real problems in a variety of human endeavors. The mathematician's skill lies in 
the process of application, rather than in the solutions achieved. 

4. Mathematics begins with the intuitive solution of problems, proceeds to the 
formulation of abstractions and concepts, and finally arrives at a set of consistent 
ideas and generalizations that can be rigorously demonstrated to be true. 
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5. Mathematics is a language-*a set of signs and symbols with their own concise 
meanings and grammar that represent abstract concepts and operations* These signs 
and symbols may be used to communicate mathematical ideas, proofs and solutions, 
or may be manipulated to reach solutions or to prove theorems. 

6. Mathematics comprises a set of f undamental axioms that forms the basis of a structure 
of theorems* These theorems can be proved logically and used in the solution of real 
and theoretical problems. 

The first section of the TCMME Survey, Conceptions of Mathematics, is comprised of a 
revision of these six concepts (See Appendix A). Statements were edited for clarity and shortened 
to reduce redundancy and fatigue. Additional statements regarding teachers* views on the nature of 
mathematics based on the work of Collier (1972) and Thompson (1984) were incorporated into these 
six items. Teachers were asked to rate each item on the degree to which it reflected their personal 
concept of mathematics. In addition, teachers were asked to rank order all items to reflect their 
conception of mathematics* Teachers were also given space to comment on any important aspect of 
mathematics that they felt was not evident in the six items. 

Conceptions of \f at hematics Teaching. 

Statements in the second section of the TCMME Survey reflect goals for mathematics 
instruction* Statements are answers, in part, to the global query. What does it mean for a student to 
know mathematics? Conroy (1987) gleaned information from Romberg (1983) in structuring these 
goals to correspond roughly to his six conceptions of mathematics. Conroy's original statements, 
again, were edited and shortened f or clarity, and statements f rom Collier ( 1972) and Thompson ( 1 984) 
were included where appropriate. Goals were intended to reflect all six Conceptions of Mathematics, 
but not necessarily any one item exclusively. The goals for teaching mathematics are derived from 
the six conceptions of mathematics and, thus, are not disjoint. The six goals cover a range of what 
students are to know about mathematics* These goals for mathematics teaching are: 

1. Mastering a sequence of facts, skills, rules, and concepts, 

2. Mastering a hierarchy of skills and using them to solve problems. 

3. Solving problems and modeling situations. 

4. Using mathematics to explain and understand situations* 

5. Knowing mathematics as originating in real-world situations* 
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6. Understanding the meaning of mathematical concepts and communicating these ideas. 

Items for the second section of the TCMME Survey reflect each of these six goals. Teachers 
were asked to rate each item on its importance to their teaching of mathematics. They were also 
asked to rank order their personal goals for teaching mathematics f rom the most reflective to the least 
reflective* Space was provided for teachers to comment on any goals they might have that were not 
expressed in the context of the six items. 

Conceptions of Recommended Change. 

In the third section of the survey* teachers were asked to rate how important each of 16 
recent recommendations for change were to the mathematics curriculum they use. The items were 
de/i ved f rom recent proposals for change in the U. S. mathematics curriculum (NCTM, 1 989; National 
Research Council^ 1989). Items covered several broad categories of change including the restructuring 
of curricula, the role of technology, equity, community involvement, and teacher development. Space 
was provided to enable teachers to comment on other important aspects they felt needed to be 
changed in mathematics education. 

Conceptions of Mathematics Education. 

This section contained questions regarding issues and problems teachers face in their 
classrooms. The questions addressed teachers* approaches to teaching mathematics, their perceived 
responsibilities, the role of technology in facilitating the teaching of mathematics, and the role of 
testing and affective variables (e.g., Sobel, 1981) associated with teaching mathematics. Items 
regarding mathematics education were adapted from Stake and Easley (1978), Collier (1972), and 
especially Conroy (1987). Teachers were asked to rate how strongly they agreed with each of the 19 
items. Space was provided for teachers to comment on any additional aspect they felt was important 
to facilitate or improve mathematics education. 

Conceptions of Schooling. 

The last section of the TCMME Survey was designed to assess teachers* views regarding the 
purpose, function, and goals of schools in American society. Items were adapted from the Conroy 
instrument (1987) and focused on the function of schools with regard to children, society, and the 
academic disciplines. Again, teachers were allowed space to comment on any aspect of schooling they 
felt was of particular importance. 
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Diary of Profeulonal Relationships 



The Diary of Professional Relationships (Romberg, Pitman, Pittelrcan, Webb, Fadell. & 
Middleton, 1988) is an ongoing data collection procedure designed to gather more personalized ar.d 
direct information from a subset of teachers. The Diary of Professional Relationships is comprised 
of interview forms, each consisting of a series of four to six questions related to ongoing 
Documentation Project research. For the present study, two forms were distributed. The first Diary 
elicited teachers' conceptions of mathematics, goals for mathematics instruction, teachers' own 
recommendations for change in their schools, Icey issues directly affecting collaborative schools, and 
the impact of collaboration and interaction with business and industry on teachers' views pertaining 
to the nature of mathematics. The second Diary assessed influences on individual teaching practice, 
collaborative influence on teaching, the purpose of schooling, assignment of students to courses, and 
equity in mathematics education. The information generated from the Diary is used to validate 
findings from group data and to emphasize the complexity and diversity of teachers' conceptions. 

The project representative (on-site observer) from each site was asked to elicit responses from 
four or five teachers for each Diary. To ensure the veracity of teachers' responses, results of the 
Diary of Professional Relations were kept anonymous. Thus, although teacher participation level and 
whether they completed the TCMME Survey w. /e recorded, a match of teachers' responses to the 
Diary and to the TCMME Survey was not possible. Responses were obtained from over 40 teachers 
from the 1 1 coUaboratives. Responses to Diary of Professional Relationships questions are presented 
in Appendix G. 
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III. RESULTS 

The results of the TCMME Survey are presented in three ways; for the total sample, by cluster 
membership, and by particip*^tion level in the collaborative. In each presentation, items 
corresponding to the five sections of the TCMME Survey are examined. In addition, any striking 
patterns in responses encountered by collaborative are reported. Teacher responses to the Diary of 
Professional Relationships ire used as added confirmation of TCMME Survey results. 

Teachers* Conceptions for the Total Sample 

A complete listing of item means and standard deviations for the total sample is presented in 
Appendix B. Subjects tended to rate items, for the most part, either neutral or high (Neutral - a 
rating of 3, High » a rating of 4 or 5). Item means ranged from 2.300 {SD « 1.260) for Item 34, 
"Mathematics teachers* primary responsibility is keeping order, keeping students busy and productive 
in the classroom, and covering all the material," to 4.81 1 {SD « 0.442) for Item 52, "I enjoy teaching 
mathematics." Item 52 not only was rated highest by participants but also exhibited the smallest 
standard deviation, indicating extremely high agreement among teachers. In fact, over 99 percent of 
participating teachers rated this item neutral or higher. 

Only three items had a mean rating less than neutral on the entire questionnaire: Item 34 
(above). Item 43 (It is difficult to obtain objective evidence of student mathematics achievement. The 
process of learning mathematics is unique to the individual, and does not lend itself readily to 
standardized evaluation.), and Item 50 (The greatest influence on my teaching of mathematics was 
my coursework in college and/or teacher education.). The latter two items were rated on average 
2.780 {SD - 1.150) and 2.756 {SD - 1.358), respectively. The fact that teachers rated so few items 
less than neutral indicates that UMC teachers, in general, view mathematics education as a 
multifaceted enterprise. Teachers varied according to the emphasis they placed on different items 
on the survey rather than on whether they agreed with the statements or not. 

Teachers' Conceptions of Mathematics. 

Results from the first section of the TCMME Survey indicate that teachers believe very 
strongly that "Mathematics is thinking in a logical, scientific, inquisitive manner, and is used to 
develop understanding," (Item 4). Teachers rated this item higher than any of the other conceptions 
of mathematics (Af - 4.554, SD • .705), and teachers showed the smallest variation in their responses 
on this item. Thus, there seems to be a high degree of agreement by UMC teachers in the acceptance 
of this conception of mathematics. 

o , 3 »^ 
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The conception that seemed to least reflect teachers* views. Item 5, dealt with mathematics 
as facts, skills, and rules: to be learned and applied in future work or study {M - 3.921. SD - 1.068). 
This item also showed the greatest variation among the conceptions of mathematics, indicating that, 
while many teachers agreed with the statement, many others disagreed. 

Rank-order data confirm these findings. The largest percentage of teachers ranked Items 4 
(Mathematics as logical, scientific thinking) and 6 (Mathematics as dynamic problem-solving) as being 
"most reflective" of their conception of mathematics while the smallest percentage of teachers ranked 
Items 3 (Mathematics as a collection of concepts and skills) and S (Mathematics as facts, skills and 
rules to be applied in work a.-».d future study, respectively) as "most reflective." In addition, teachers 
most often ranked Item 5 as "least reflective" of their conception of mathematics with very few 
ranking Item 4 (Mathematics as logical scientific thinking) as least reflective (see Table B2 in 
Appendix B for percent ranking items as "most reflective" and "least reflective" of their conceptions 
of mathematics). 

Friedman analysis of variance on ranks (Marascuilo & Serlin, 1988) indicates that Item 4 is 
ranked significantly higher than Items 3 and 5 for the total sample, (5 d.f .) ■ 243.680, p < .05 (See 
Table 82). This would suggest that these three items tend to define the boundaries of teachers' 
conceptions of mathematics better than the other three items. Whereas the notion of mathematics as 
a way of thinking seems to be central to teachers* conceptions, the algorithmic, fact-oriented aspect 
of mathematics appears to be more peripheral, though not antithetical. 

Teachers* responses in the Diary of Professional Relationships reflect this emphasis on logical 
problem solving. Of the 44 responses obtained to the question, "What do you think mathematics is?" 
(Tabled), 16directly referenced problem solving. In addition, 12 teachers emphasized the scientific 
nature of mathematics. However, there were a variety of conceptions expressed by teachers that were 
multifaceted, emphasizing mathematics as science, problem solving, and communication of ideas. A 
typical response to this question was generated by a teacher in New Orleans, "Mathematics is the study 
of numbers and number systems and how they relate, interact, and apply to other areas and to real 
life situations. This study includes thinking skills, problem solving for everyday living as well as for 
other areas of science, and basic manipulative skills with the various number systenis." 

Responses to this question also seem to differ by collaborative. For instance, all teachers in 
San Francisco responding to the Diary of Professional Relationships emphasized the communicative 
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properties of mathematics, as well as the scientific aspects. Conversely, teachers from San Diego 
related the logic and skill aspects of mathematics. Although the sample of teachers from these 
collaboratives is far f rom random, these results do reiterate the importance of studying the differences 
between teachers from different collaboratives, and the importance of attending to individual 
differences when assessing the impact collaboration on teachers' conceptions. 

Based on the results of the survey and the Diary of Professional Relationships, in general more 
of the responding teachers tend to view mathematics as being mental, thinking, whereas fewer of the 
responding teachers view mathematics as being bits of information (facts, skills, rules and concepts) 
to be learned. 

Teachers Conceptions of Mathematics Teaching. 

It was expected that UMC teachers' conceptions of mathematics teaching would reflect their 
conceptions of mathematics. Since the majority of teachers tend to view mathematics as a way of 
thinking, i.e., logical, scientific inquiry, they should tend to have consistent goals for their own 
teaching. Indeed this seems to be the case. Teachers rated Item 14, which pertained to enabling 
students to explore situations and to test hypotheses by logical reasoning, as the most important 
conception of mathematics teaching. Again, as for their most important conception of mathematics, 
teachers tended to show less variation in their response to Item 14 than in responses to the other items 
(see Table Bl). Also consistent with their conceptions of mathematics, teachers tended to place less 
importance on Item 13, which dealt with preparing students for work and future study by mastering 
facts, rules, and paper-and- pencil skills. This conception of mathematics teaching response, like its 
conceptions of mathematics counterpart, also showed the greatest variation of items from this section 
of the survey. 

Teachers' responses to the rank ordering of their conceptions further strengthens these results. 
Teachers ranked Item 14 (inquisitive exploration and logical reasoning) more often as "most reflective" 
of their own conceptions of mathematics teaching, and Item 13 (paper-and-pencil skills) more often 
as "least reflective." Friedman analysis indicates that Item 14 and Item II, which deals with enabling 
students to understand mathematical modeling, were ranked significantly higher than Item 1 3 for the 
total sample, (5 d.f.) - 322.888, p < .05 (see Table B3 for mean ranks of Items 9 through 14). 

Teachers' statements on the Diary of Professional Relationships regarding their own goals for 
mathematics instruction are presented in Table G4. The 43 statements provided support the survey 
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results, but also indicate that teachers hope that their mathematics instruction will lead to their 
students valuing and appreciating mathematics. One-fourth of these responses indicated that teachers 
hope their students will gain some appreciation of mathematics or self *conf idence in doing 
mathematics. One San Diego teacher wants students to have "a love for math." A teacher in San 
Francisco wants students to have fun with mathematics. Nearly one fourth of the statements noted 
that the teachers wanted their students to have ""the ability to think." Another fourth of the statements 
indicated the desire to have students use or apply mathematics. ''To have the power to use 
mathematical notations to express ideas that under normal circumstances would require long 
sentences/ responded one St, Louis teacher to the question of what teachers want their students to get 
out of mathematics instruction. Less than one fourth of the responses implied the desire for students 
to have some understanding or mastery of mathematical ideas. One Cleveland teacher wanted students 
to have an "adequate understanding to do problem solving and be comfortable doing it." 

The results of the TCMME Survey and the Diary of Professional Relationships indicate that 
the responding teachers' expectations for students correlated with their dominant conception of 
mathematics as thinking. Teachers want their students to think critically, but a number of teachers 
also want their students to be able to use mathematics successfully and to appreciate its elegance and 
po r. 

Teachers' Conceptions of Recommended Change. 

The recommended changes presented in the TCMME Survey focused on six areas: 
Restructuring course content, introduction of core programs/alternative courses, introduction of 
technology, equity in high school mathematics, teacher development, and community involvement in 
mathematics education. 

Restructuring course content. Items 18, 20, 21, and 22 deal with recent 
recommendations for restructuring course content in high school mathematics. Results indicate that 
the responding teachers, in general, are in favor of restructuring some of their own mathematics 
curricula in Order to reflect these recommendations. Teachers rated each of these items as important 
goals for high school mathematics. In addition. Item 22, which deals with increased attention to 
mathematical modeling in high school mathematics, appears to be of particular importance. It was 
rated quite highly by the total sample, and responses showed relatively small variability. This is 
consistent with the importance teachers placed on the conception of mathematics as scientific inquiry 
indicated earlier. 
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Introduction of core orottraiM/alternative courses. The teachers tended to react 
favorably towards Item 19, which deals with development of alternative mathematics courses for 
students not planning to continue the study of mathematics after high school, although there seemed 
to be considerable variation in responses. 

Items 26 and 30 were rated almost exactly alike by the total sample. Teachers endorse the 
development of a core mathematics program through Grade 11, as long as students have the 
opportunity to pursue optional courses and electives, and as long as all students through the 
sophomore year in high school have the opportunity to prepare for college entry. 

Introduction of technology into hiah school math ematics courses . A large proportion 
of teachers felt that the introduction of new technologies, including calculators and computC;i:», into 
the high school curriculum (Item 17) is very important to enhance problem solving and ease the 
drudgery of computation, as well as to provide a fresh approach to topics* 

Equity in high school mathematics . Items 27 and 28 concern the identification of 
students who are in need of remedial help and the development of remedial materials and programs 
in mathematics for high school students. Teachers tended to have a somewhat neutral outlook toward 
the prognostic evaluation of remedial students, although there was considerable variation in responses. 
On the other hand, respondents felt that increased funding for the development and improvement of 
remedial programs was of some importance in their own schools. 

Teachers strongly endorsed the identification of mathematically talented students, especially 
students from underrepresented populations, and the encouragement of gifted students to pursue 
careers in mathematics, science, and mathematics education (Item 31). 

Teacher development . Respondents were generally in favor of developing teacher 
education and improvement programs. Although they felt that inservice and membership in 
professional organizations were important (Items 23 and 25), they tended to have a somewhat neutral 
outlook towards career ladders, differential staffing, and appointment of master teachers to develop 
and supervise new programs (Item 24). Considerable variation in responses indicates that teachers 
were somewhat divided on the last item. Participating teachers seem to favor professional 
development for all, but are somewhat less favorable toward having a hierarchy within the ranks of 
teachers* 
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Community involvement . Teachers indicated that an effort toward increasing public 
awareness of the importance of mathematics was important to them (Item 29). However, feelings 
were divided over the issue of whether parents should have the option of choosing the school their 
child would attend (Item 32). 

When teachers were asked to provide their own recommendations to improve the mathematics 
curriculum in their schools on the Diary of Professional Relationships (Appendix G, Tables G6 and 
G7), they provided a variety of solutions to the many problems facing urban teachers. Some teachers 
focused on the mathematics that is being taught in class and emphasized the introduction of new 
topics; others focused on making mathematics more interesting by providing a variety of problem- 
solving situations. Many emphasized the need for increased use of a more varied technology to take 
the drudgery out of computation, and still others chose to emphasize stricter standards, testing, or 
alternative courses. Key district issues identified by teachers were numerous. One recurring issue 
noted by at least a few teachers was the improvement of student achievement. 

In summary, results indicate that UMC teachers, in general, believe that changing the current 
system of mathematics education is important. Further, teachers are favorably disposed to many of 
the recommendations proposed by the NCTM Standards. Conceptions about how these changes are 
to be incorporated have yet to be studied. 

Teachers' Conceptions of Mathematics Education. 

Items assessing teachers' views concerning issues and problems af f ecting mathematics teachers 
cover five broad areas: teachers' approaches to teaching mathematics, teachers' perceived 
responsibilities, the role of technology in the classroom, the role of assessment in mathematics 
education, and the affective characteristics of UMC teachers. 

Teachers' approaches to teaching m athematics . UMC teachers, in general, agree with 
the conception that mathematics should be taught as a combination of basic skills and inquiry and 
problem solving. Teachers rated Items 36 (Special applications, problems, and activities must be 
tailored to the needs of each student), 38 (Mathematical analysis, interpretation, and inquiry should 
be taught concurrently with the basic skills), and 40 (Mathematics needs to be discovered through 
applied problem solving) much higher than Items 34 and 42, which dealt with keeping order, covering 
all the material, and strict adherence to standard notation. Interestingly, teachers tended to agree with 
the goal of teaching students to communicate using conventional mathematical signs, symbols, and 
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vocabulary (Item 37), while feeling somewhat neutral towards demanding strict adherence to those 
same conventions (Item 42). 



Also interesting is the general trend of participants to agree with the value of allowing 
students to witness mathematics teachers making mistakes in class (Item 44). This seems to be in 
accordance with teachers* agreement that teaching mathematics entails a combination of basic skills 
and inquiry and problem solving, since the process of problem solving is often determined by the 
approach one takes after discovering mistakes or procedures that did not work. 

Tes- hers' perceived responsibilities . Participants tended to agree that mathematics 
teachers have responsibility for teaching requisite skills that their students will need in future 
courses and in future employment (Items 39 and 46, respectively). However, they seem to be more 
neutral, in general, toward the notion that mathematics teachers may have to sacrifice the broader 
aims of the course to bring the entire class up to some minimum competency (Item 41). Teachers also 
demonstrated a fairly high degree of variability on this item; many teachers agreed strongly with the 
statement, and many disagreed with the statement. It is hoped that analysis of subgroups of the total 
sample will reveal the location of these differences. 

The role o f technology . Teachers agreed strongly that advances in technology enhance 
mathematics instruction and thus should become an integral component of mathematics courses (Item 
35). There seems to be fairly high agreement among participants on this item, as evidenced by the 
moderate standard deviation (Table Bl). This trend also follows from teachers' conceptions of 
mathematics teaching. Teachers tended to agree most with the goal of enabling students to explore 
situations and test hypotheses. Calculators and computers provide the speed and efficiency, as well 
as the learning environment, that can facilitate this kind of instruction (Lesgold & Reif, 1983). 

The role of assessment in mathematics education. Teachers in the present sample seem 
to believe that assessment should play an important role in determining whether or not students should 
graduate from high school. They tend to agree that all students should be required to pass a minimum 
competency test in mathematics before receiving their diploma (Item 48). Consistent with this view 
concerning assessment is the belief that objective testing does indeed measure important aspects of 
mathematical competency (Item 43); teachers felt fairly neutral toward the idea that learning 
mathematics is so individual in nature that standardized testing is impractical. In addition, teachers 
seemed to feel somewhat neutral toward the belief that the results of standardized testing greatly 
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influence the kind of mathematics that is taught in classrooms (Item 47). Many teachers, however, 
did agree with this statement—thus, it may be that standardized testing affects teachers from 
different schools and with diverse backgrounds differently. 

Affective characteristics o f TTMr teachers. As stated earlier, teachers feel that 
teaching mathematics is highly enjoyable. Item 52 'I enjoy teaching mathematics) and Item 45 
(Mathematics is an enjoyable discipline) were the two most highly rated items on the entire inventory, 
and both items exhibited very little variability. 

When asked to rate the influence of each of several factors on their own teaching of 
mathematics, participants tended to rate their colleagues (Item 51) and their own teacherc in high 
school (Item 49) as greater influences than their coursework and teacher education (Item 50), 
Friedman (2 d.f.)- 31.614, p < .05 (Mean Ranks - 2.10 for Items 49 and 51 and Mean Rank - 1.79 
for Item 50, respectively). Particularly interesting are some of the teacher .espv nses to the Diary of 
Professional Relationships that deal with this issue (Table G8). Teachers in general responded in 
accordance with TCMME Survey results. The largest proportion of responses to the Diary (40%) 
indicated that colleagues are the biggest influence on teachers' own teaching of mathematics, followed 
by high school teachers (34%), and last by college courses (26%). In addition, those teachers who felt 
that college courses were the most influential emphasized that their college mathematics professors 
greatly influence their own teaching. In reference to the influence of the collaborative, many teachers 
directly credit their collaborative as influencing their own mathematics instruction. Thus, it appears 
that teachers tend to look to other teachers, their colleagues, and both their high school and college 
instructors as role models for their own teaching practice. 

Regarding some of the key issues pertaining to the mathematics education in their own 
districts, respondents to the Diary of Professional Relationships emphasized many of the patterns 
inferred from the TCMME Survey results. For instance, most teachers indicated that change in some 
area of mathematics education is necessary. A teacher in San Diego was concerned about equity for 
non- English speaking students. Another teacher in Pittsburgh stressed the increased use of calculators 
and the renewed emphasis on problem solving as key issues in their district. Several teachers focused 
on district policy, standards for student proficiency in mathematics, and their role in motivating 
students to succeed. From these and TCMME Survey results, it is clear that at each collaborative site 
there is a unique combination of issues that affects teachers. Indeed, it seems that each teacher faces 
different issues in his or her own teaching due to differences across districts. Responses to this 
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question are presented in Table G7* 



Teachers* Conceptions of Schooling. 

Items that assess teachers' conceptions of the purpose, goals, and functions of schooling are 
organized into those pertaining to children, those pertaining to society, and those pertaining to 
academic disciplines. 

Goals and functions of schooling pertaining to children. Respondents believe that 
schools provide students with the opportunity for personal fulfillment (Item 60) and che opportunity 
to enhance their own personal abilities (Item 54)* Integral with these conceptions is the idea that 
schools should be places where children feel comfortable, both with peers and with teachers and 
administration (Item 67). Teachers rated these items, on average, as having high to very high priority 
as goals for modern schooling. 

Equity seems to be an issue of importance to participating teachers. Teachers agree that 
schools should allocate resources equally among all students (Item 66), yet they should also offset 
inequalities by providing special opportunities for the disadvantaged (Item 59), Teachers rated both 
of these items as important goals of schooling* They seem to be somewhat divided on whether 
students should be ability grouped or whether students should be grouped according to age (i.e.. Item 
56, Schools should group students according to similar needs, interests, and abilities, rather than 
according co age). The mean score for this item was between neutral and agreeing; however, it 
showed a moderately high standard deviation indicating considerable variation in responses. 

Teachers, again, are divided on the importance of training students to follow instructions and 
to absorb and memorize detail (Item 63). Teachers rated this item, in general, close to neutral. 
However, they did display moderately high variation in their responses. Further analyses of 
subgroups of the total sample should reveal the meaning(s) of this variation. 
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Goals and functions of schooling p ertaining to society. Teachers were somewhat 
neutral toward the role of schooling to preserve the traditions and stability of society (Item 55). 
Rather, they seem to agree more with Item 58, "Schools must be innovative to ensure that we maintain 
a dynamic and expanding society." Yet, not all traditions of society were looked on in a neutral 
fashion Teachers agreed with the goal that children should be taught proper work values and the 
reward value of hard work (Item 61). Competition and its role in schooling seems to be agreed to 
somewhat, but it does not have a particularly high value for teachers (Item 62). 

A similar pattern emerges for teachers' perceptions of time regulation (Item 64). Fhey seem 
to agree somewhat that society and schools must regulate much of the time children spend in 
schooling. However, time regulation as a function of school and teacher responsibility does not seem 
to have a high priority. 

Although teachers tended to agree that schools should be for students who want to work and 
are not a social institution (Item 68), there was a high degree of variability in responses. This would 
indicate that many urban teachers perceive a dual role of schooling, one that must meet both the 
academic and social needs of urban pupils. 

Goals and fun ctions of schooling pertaining to academic disciplines. Teachers, in 
general, tended to place a high priority on the role of schooling both for transmitting the knowledge 
and skills associated with different academic disciplines (Item 57) and for providing students with the 
ability to solve problems as a function of training in academic disciplines (Item 65). Both of these 
items were rated above 4, on average, on the 5-point scale, indicating high agreement. 

Teachers' responses to the Diary of Professional Relationships indicate that most teachers feel 
that the main purpose of high school is to develop students' survival skills, both in future academics 
and in the adult world. Teachers responses focused on the responsibility of the high school to provide 
the student a welt- rounded education, to provide needed skills, and to make each student a productive 
member of society (see Table GIO). 

When asked how students should be assigned to mathematics courses, teachers overwhelmingly 
focused on ability and interest rather than on age. Almost all respondents emphasized some 
combination of the two in assigning students to mathematics coursework (see Table Gil). 
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When teachers were asked on the Diary of Professional Relationships to outline their 
conception of mathematics equity and to indicate whether they thought that schools can achieve 
equity, teachers seemed to be able to give their definition of equity easily but had a much harder time 
determining how to achieve it. Most teachers felt that equity consisted of providing equal opportunity 
to all students. An especially elegant definition was provided by a teacher from Memphis, **Every 
student, regardless of race or gender, should be given the opportunity to continue their mathematics 
education on a quality level," Teachers* responses to this question are presented in Table G12. 

Discussion 

Results indicate that UMC teachers enjoy teaching mathematics and are committed to 
enlarging their understanding of mathematics and mathematics education. In addition, teachers seem 
to view mathematics as a way of thinking about the world. They emphasized the importance of 
mathematical modeling and the introduction of new technologies to help students gain insight into 
the ways in which mathematics can help explain phenomena through logical, scientific hypothesis 
testing. 

Teachers in the present study also seem to be in agreement that talented mathematics students 
must be given appropriate programs to help them actualize their mathematical potential. Teachers 
agreed with the introduction of alternative programs to identif y and meet the needs of mathematically 
talented students, especially students from underrepresented populations. 

In regard to the influences on their own teaching, responding teachers emphasized that other 
teachers* both their own high school mathematics teachers and their teacher colleagues, are more 
influential than their coursework in college and teacher education. This is an important factor to note 
in assessing the impact of collaboration on urban teachers since it seems to indicate that, without 
programs that foster collaboration, teachers would not be able to capitalize on new teaching methods 
and ways of dealing with students and administration that their colleagues can and do provide. In 
addition, it says much about the perceived effectiveness of university teacher education programs in 
actually influencing how teachers approach instruction. 

Teachers, in general, tended to perceive school as a place where children should find personal 
fulfillment and the opportunity to enhance their personal abilities. Congruent with this finding is 
teachers* commitment to equity in the classroom. Teachers felt that schools should provide additional 
support for struggling students, as well as additional instruction for the mathematically gifted. They 
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see school primarily as facilitating the dynamics and improvement of society rather than as 
functioning to maintain the status quo. 

These findings appear to contradict many common perceptions that place urban teachers in 
a somewhat negative light. Teachers in the coUaboratives seem to have a high sense of responsibility 
to their students* to society, and to their academic discipline. They value and enjoy teaching and are 
committed to the improvement of mathematics education. The question that must be raised is 
whether participation in collaborative activities has had a role in the development of these attitudes. 

Teachers* responses to the question, "How has the collaborative affected your teaching of 
mathematics?" on the Diary of Professional Relationships Survey, indicate that collaboration does 
indeed have an impact on teachers' approaches to mathematics instruction (see Table G9). Many 
teachers emphasized participation in symp'^sia and conferences, as well as networking with other 
teachers to share problems and successes, as extending their techniques and knowledge of the subject 
matter. A teacher from St. Louis provides an elegant summary of most responses, "Working with 
other teachers increases the confidence level at which I approach my work. I do not feel isolated in 
the system (on a professional level). The collaborative has presented me with opportunities for growth 
in my profession, with a chance to interact with others in the district and with a chance to voice my 
ideas. I feel a sense of strength when I know what others are doing around the country (as well as 
around the schools in my system)." 

Results further indicate differences in teachers' conceptions that cannot be detected through 
an analysis of overall data. The variation exhibited on many of the TCMME Survey items indicates 
that subgroups exist between and within collaborative sites that could shed light on how collaborative 
activities affect teachers individually. Thus, the remainder of the Results section will focus on 
detecting and describing these differences. 
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Teachers' Cooceptlons by Their Profile of Respooies 

Teachers' Conceptions of Mathematics} 

Due to the complex nature of teachers* conceptions of mathematics, and owing to the 
variability found on many of the items on the TCMME Survey, teachers' profiles of responses across 
the six conceptions of mathematics were examined to shed light on how different teachers perceived 
mathematics and how their perceptions of mathematics affect their views of factors relating to 
mathematics education. Cluster analysis was used to group teachers according to their pattern of 
responses across Items 1 through 6. Four groups (clusters) of teachers, each cluster including those 
who responded similarly, were found. Figure 1 illustrates the profiles of each extracted cluster of 
teachers over the six items. For a complete listing of means of all TCMME Survey items by cluster 
membership, please refer to TaMe 2 at the end of this section (page 42). 

Cluster 1 teachers (N - 73) appear to identify with the scientific, logical, factual concept of 
the nature of mathematics, while disagreeing with the notion of mathematics as a variable discipline 
that changes as new situations occur. This view is compatible with a belief that mathematics is a 
fixed body of knowledge, to be learned through disciplined effort. 

Cluster 2 teachers (N - 101), on the other hand, agree strongly with the dynamic notion of 
mathematics and place a great deal of emphasis as well on the scientific and language views. These 
teachers disagree strongly with the conception that mathematics is primarily facts, skills, and rules 
to be applied to solving problems. 

Teachers in Cluster 3 (N » 109) appear to be nondiscriminatory and more global in their 
conceptions about the nature of mathematics. These teachers rated all six items higher than any other 
group. It is unclear at this time whether this profile indicates flexibility in thinking about the 
different conceptions of mathematics, or whether the nature of the instrument placed a low ceiling 

on the scores. 



^Ward's method of hierarchical cluster analysis (SPSS-X Release 2.1; SPSS Inc.. 1986) extracted 
four mutually exclusive clusters of teachers who differ on the six proposed conceptions of 
mathematics. Multivariate methods were chosen simply because teachers* conceptions were expected 
to be complex, not lending themselves readily to univariate item analysis. Rather, examination of the 
interaction of teachers* views concerning several possible ways of perceiving mathematics was 
expected to yield a better picture of the complex interactions in teachers* thought processes. For a 
discussion of the rationale for using cluster analytic techniques to assess teachers* conceptions of 
mathematics, please refer to Appendix C of this document. 
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The largest group of teachers. Cluster 4 (N - 193), appears to be similar in profile to Cluster 

2, However, the entire profile of scores for Cluster 4 is elevated somewhat and displays less extreme 
differences in ratings across items. This profile seems to indicate a belief that mathematics is 
primarily a means of thinking in a scientific, inquisitive manner, of communicating those thoughts 
effectively, and of changing as new information arises. Although mathematics as a collection of facts, 
skills, and concepts is not rejected, its level of importance is not emphasized in comparison with its 
dynamic aspects* This conception is consistent with a heuristic, inquiry- based view of mathematics— 
i*e*, that mathematics is primarily a way of thinking, bui it is also a developed body of knowledge that 
is usef ul in the real world. 

Data from the rank ordering of items corroborate these findings. It was expected that the 
percentage of teachers within each cluster who ranked an item as the most reflective of their 
conception of mathematics would be proportionate to the mean item score for that cluster (see Table 
Dl for percentage of teachers ranking Items 1 through 6 as "Most Reflective" by cluster)* From the 
mean item score profile (See Table 2), one would predict that teachers in Cluster 1, teachers who view 
mathematics as a fixed body of knowledge, would rank Item 3 (Mathematics is a collection of 
concepts and skills used to obtain answers to problems*). Item 4 (Mathematics is thinking in a logical, 
scientific, inquisitive manner and is used to develop understanding,), and Item 5 (Mathematics is 
facts, skills, rules and concepts learned in some sequence and applied in work and future study*) as 
most reflective of their own conceptions of mathematics, while ranking Item 6 (Mathematics is an 
interconnected logical system, is dynamic, and changes as new problem solving situations arise. It is 
formed by thinking about actions and experiences.) as least reflective. Friedman analysis of variance 
by ranks revealed significant differences in the ways in which conceptions of mathematics were 
ranked by Cluster 1 teachers, (5 d.f.) « 70*002, p < .05* Indeed, the largest proportion of these 
teachers (36%) did rank Item 4 as most reflective, closely followed by Items 3 and 5(14% and 17%, 
respectively), while the smallest proportion ranked Item 6 as most reflective (8%). In addition. Items 

3, 4, and S were rarely ranked as least reflective by Cluster 1 teachers, while the largest percentage 
ranked Item 6 least reflective (see Table D2 for rankings of the least reflective conceptions)* The 
remaining items fell in the middle, with a modest proportion ranking each as most reflective of their 
conception of mathematics. 

Data from the ranking by the other three clusters of teachers also reflect their mean item 
profiles* One possible exception would be Cluster 3, teachers who hold a global conception of 
mathematics, Friedman analysis of variance indicates significant differences in mean rankings of 
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teachers' conceptions of mathematics, X* (5 d.f ) » 59.394, p < .05. Forty-one percent of teachers in 
Cluster 3 ranked Item 4 as most reflective, while much smaller proportions ranked the other items as 
most reflective. This would not corroborate profile scores if it were not for the fact that Cluster 3 
teachers ranked the other items in nearly equal proportions, as their second most- to least- reflective 
conceptions. 

Teachers in Cluster 2, those who view mathematics as dynamic inquiry, ranked Items 3 and 
5 least often as most reflective (1% and 2%, respectively) and most often as the least reflective of their 
conceptions of mathematics (38% and 42% respectively), which strongly supports their profile scores. 
In addition. Item 6, which emphasizes this dynamic view of mathematics, was ranked on average 
much higher than the other five items, indicating that this view is most central to Cluster 2 teachers* 
conceptions of mathematics. Friedman analysis confirms significant differences for these items, 
(5 d.f.) - 220.400, p < .05. 

Teachers in Cluster 4 (mathematics as scientific thinking), ranked Items 1, 2, 4, and 6 most 
often as most reflective of their conceptions of mathematics, and Item 5 most often as least reflective, 
which would be in concordance with their profile. Friedman analysis revealed significant differences 
in mean rankings of items, X* (5 d.f.) - 1 15.452, p < .05. However, a large percentage (20%) also 
ranked Item 6 ?s least reflective of their conceptions. It is unclear what this apparent split indicates. 
It may be an index of teachers* flexibility in thinking about the dynamic nature of mathematics— i.e., 
some teachers falling in this cluster may feel thats the dynamic nature of mathematics is more 
important while others may feel that the known body of mathematics is more important in scientific 
thought. 

It is interesting to note that cluster membership seems to be equally distributed across all 
collaborative participation levels, X^ (30 d.f.) » 6.454, p > .05. Differences were found, however, in 
the distribution of cluster membership across some coUaboratives, X^ (30 d.f) ■ 64.623, p < .00 1 . New 
Orleans, in particular, seems to be different in teachers* conceptions of mathematics compared to the 
rest of the sample. These will be addressed later, in the section dealing with differences in teacher 
conceptions by collaborative. 

Teachers' Conceptions of Mathematics Teaching. 

Teachers* conceptions of mathematics seem to be highly related to their conceptions of 
mathematics teaching. To determine group differences in conceptions of mathematics teaching, one- 
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way analysis of variance (ANOVA) was performed on Items 9 through 14 with Cluster membership 
being the grouping variable. Significant differences were found between clusters for Items 9 through 
13. Scheffe post*hoc tests determined the specific location of the differences (all p- values < .05, see 
Tables D3 to D12)* In addition, Friedman analysis of variance on rank order of Items 9 through 14 
indicate differences by cluster that reflect teachers' conceptions of mathematics profiles (see Table 
D13). 

For instance, teachers who view mathematics as dynamic inquiry (Cluster 2) ranked Item 13 
very low, consistent with their disagreement with mathematics as primarily facts, skills, and rules. 
Conversely, they ranked Item 14 very high consistent with their perception that mathematics 
encourages inquisitive thinking, (5 d.f.) » 212.626, p < .05. Teachers with the global view of 
mathematics (Cluster 3) tended to rank each of the six conceptions of mathematics teaching 
moderately high, although they did rank Item 13 (to prepare students for work and future study via 
a sequence of facts, paper and pencil skills, rules and concepts) lowest consistently, A"^ (5 d.f.) « 
26,303, p < .05. Clusters 1 (Mathematics as a fixed body of knowledge) and 4 (Mathematics as 
scientific thinking) were very similar in the ways in which they ranked the proposed conceptions of 
mathematics teaching. Both clusters of teachers ranked Item 1 1 highest and Item 13 lowest, (5 d.f.) 
- 24.213, p < .05 and X^ (5 d.f.) - 136.744. p < .05, respectively. 

Differences on the other conceptions of mathematics teaching also reflect teachers* profiles 
across the full range of their conceptions of mathematics. For example, one would predict that 
teachers who agree with Items 3 and 5, which deal with mathematics as a collection of concepts, 
skills, and rules to be applied, should also agree with Items 9 and 13, which deal with teaching 
students organized mathematical skills, rules, and concepts. Thus, teachers from Cluster 3 (a global, 
inclusive view of mathematics), who exhibited the highest scores for Items 3 and S should exhibit the 
highest scores for Items 9 and 13 out of the four clusters. Teachers from Cluster 2 (Mathematics as 
a dynamic, logical way of thinking) should rate Items 9 and 13 the lowest. And teachers from Cluster 
1 (Mathematics as a scientific body of knowledge) and Cluster 4 (Mathematics as scientific inquiry) 
should fall somewhere in the middle. Tables D3 and EM, and Dl 1 and D12 (Appendix D) show that 
this is indeed the case. Cluster 3 teachers rated both Items 9 and 13 significantly higher than teachers 
in all other clusters; Cluster 2 teachers rated these items significantly lower than all the others rated 
them, and teachers in Clusters 1 and 4 were not found to be significantly different from each other. 

Teachers who agree that mathematics is a language and that it is a process of applying abstract 
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ideas tj solve problems (Items I and 2) should also agree with Item 10, since this conception deals 
with aspects of both. In fact, teachers with a global view of mathematics (Cluster 3) rated Item 10 
higher than both teachers with the conception of mathematics as a scientific body of knowledge 
(Cluster 1 ) and teachers with the conception of mathematics as scientific inquiry (Cluster 4). This 
is only partially consistent with expectations (see Tables D5 and D6). Cluster 1 teachers, since they 
rated both Item 1 and Item 2 lowest of the four clusters, should also tend to rate Item 10 lowest, and 
this was indeed the case. However, Cluster 2 teachers, who appear to be similar to those in Cluster 
1 with regard to the first two items, showed no significant difference from teachers in either Cluster 
1 or 4 for Item 10. It is unclear at this time what this discrepancy means. 

For Item 11, which deals with teaching mav.iematical modeling and real- world problem 
solving, it would be expected that teachers who agreed with this item should also agree with Item 1, 
which embodies a similar conception of mathematics. Global teachers. Cluster 3, rated this item 
significantly higher than teachers who view raathematics as a dynamic way of thinking. Cluster 2. 
All other group comparisons were nonsignificant (see Tables D/ and D8). 

Teachers in Cluster 2, Mathematics as a dynamic, logical way of thinking, rated Item 12 
significantly lower than those in Cluster 3, Global view of mathematics, and Cluster 4, Mathematics 
as scientific inquiry (see Tables D9 and DIO). This pattern is consistent with the finding that teachers 
who believe that mathematics is a dynamic, human creation may not believe that "correct" rules and 
reasoning exist, because the state of mathematics is constantly in flux. Thus, it makes sense that these 
teachers would feel that providing "correct" rules and reasoning would be less important than other 
conceptions. 

In addition, it would be expected that teachers in Cluster 3, who exhibit a global view of 
mathematics, would tend to rate all goals of mathematics teaching higher than the other three groups, 
who seem to take a narrower view of the nature of mathematics. This proved true, not only for 
conceptions of mathematics teaching, but also for nearly all of the items that discriminated between 
clusters of teachers on the TCMME Survey. 

Teachers Conceptions of Recommended Change 

Restructuring course content . Teachers who view mathematics as dynamic inquiry. Cluster 
2, rated Item 21, which recommends the introduction of more topics from discrete mathematics and 
statistics into the high school curriculum, more important than either teachers who view mathematics 
as a fixed body of knowledge, Cluster 1, or teachers who view mathematics as scientific thinking. 
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Cluster 4 (see Tables D 14 and DIS in Appendix D). In addition, teachers in Cluster 4 rated this item 
more important than did teachers in Cluster 1 . This may be a reflection of the emphasis of teachers 
in Clusters 2 and 4 on scientific-oriented mathematics, which utilizes techniques from discrete 
mathematics and statistics more so than other mathematical fields. 

Teacher devel opment . Teachers in Cluster 2 also rated Item 24, which recommends career 
ladders, differential staffing patterns, and appointment of master teachers, higher than teachers in 
Cluster 1 (see Tables D16 and D17). It is unclear at this time what these differences reflect. Perhaps 
the emphasis of this item on the development of new programs may appeal more to teachers who feel 
that mathematics is dynamic than to teachers who feel that it is somewhat fixed, but this is purely 
speculation. 

Introduction of core programs. Items 26 (A core mathemtics program should provide optional 
tracks and electives, and the opportunity for every student through grade 10 to prepare for college 
entry) and 30 (A core mathematics program should be established which requires all students to study 
mathematics through grade 11) were rated consistently higher by teachers with a global view of 
mathematics than by the other three groups of teachers. This is in accordance with their generally 
high ratings across the majority of items on the instrument. This may be indicative of Cluster 3 
(global, inclusive view of mathematics) teachers' multifaceted conception of mathematics in that new 
programs would reveal new facets to students, thus giving them a conception closer to the teachers* 
own. This seems especially evident in the emphasis of Item 26 on providing optional tracks and 
electives for students. Further, the consistently high ratings across all clusters indicates the 
importance teachers feel that the study of mathematics has in high school. (See Tables D18 and D19 
and Tables D24 and D25 for ANOVA and post- hoc results for Item 26 and Item 30 respectively.) 

Introduction of state-level prognos tic testing . Teachers across all clusters tended to rate Item 
27, which deals with the administration of state-level prognostic tests to determine whether students 
are ready to continue in further math-related study, fairly neutral. No differences on this item were 
found except between Global Teachers (Cluster 3) and Dynamic Inquiry Teachers (Cluster 2). Global 
teachers rated this item closer to "Important," while Dynamic Inquiry teachers rated it closer to 
"Neutral." It is unclear at this time what these differences signify. They may be artifacts of the 
Global teachers* tendency to rate most items higher than the other three groups. (See Tables D20 and 
D2I for ANOVA and post-hoc results.) 
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Community involvement . All groups of teachers tended to rate "the effort to ... increase the 
awareness of the importance of mathematics among all members of the community" (Item 29) as 
important (see Tables D22 and D23 in Appendix D). Global teachers, again, rated this item higher 
than Dynamic Inquiry teachers (Cluster 2) and Scientific Thinking teachers (Cluster 4). Although 
these differences are significant statistically, it is unclear whether they have much practical 
significance, since all teachers seemed to register a high degree of agreement about its importance 
(Table Bl, Appendix B). 



Teachers' Conceptions of Mathematics Education. 

Teachers' approach to teaching mathematics . Items that differentiated between clusters of 
teachers centered on the degree of emphasis placed on teaching standard mathematical symbols, rules, 
and notations (Items 37 and 42), as well as the emphasis placed on teaching mathematics through 
applied problem solving (Item 40). Dynamic Inquiry teachers, Cluster 2, tended to rate items 
pertaining to strict adherence to rules and notation lower than Global teachers. Cluster 3, and Fixed 
Body of Knowledge teachers, Cluster 1 (see Tables D28 and D29 for Item 37, and Tables D36 and D37 
for Item 42 ANOVA and post- hoc results). At the same time. Dynamic Inquiry teachers. Cluster 2, 
tended to emphasize teaching mathematics through applied problem solving more than Fixed Body 
of Knowledge teachers, Cluster 1 , and similarly to Global, Cluster 3, and Scientific Thinking teachers. 
Cluster 4 (see Tables D32 and D33). 

Teachers' p^ r ^p^vftd resnonsibilities . Dynamic Inquiry teachers and Scientific Thinking 
teachers agreed with Items 39 and 46, which deal with teachers' responsibilities to teach the skills 
necessary for subsequent coursework and subsequent employment, respectively, less than Global 
teachers, (see Tables D30 and D31, and Tables D38 and D39 for i'tems 39 and 46, respectively.) 
However, on Item 41, which pertains to teachers having to sacrifice the broader aims of a course to 
bring the entire class to a minimum competency level. Dynamic Inquiry teachers agreed less than 
either Global teachers or Scientific Thinking teachers (Tables D34 and D35). 

The role of technology . An interesting deviation from the patterns observed among clusters 
is evident with Item 35. Teachers who perceive mathematics as primarily dynamic inquiry (Cluster 
2) rated the role of calculators and computers the highest of all four groups (see Tables D26 and D27). 
Dynamic Inquiry teachers agreed with Item 35 significantly more than Fixed Body of Knowledge 
teachers (Cluster 1). 
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The role of assessment in mflthftmatics education . All clusters of teachers tended to agree with 
Iiem 48, "All students should be required to pass a minimum competency test in mathematics to 
graduate from high schoor (Tables D40 and D41). However, Global teachers tended to rate this item 
much higher than either Scientific Thinking teachers or Dynamic Inquiry teachers. The results of 
responses to this item are unclear at this time, especially since teachers exhibited nonsignificant 
differences on questions pertaining to the validity of standardized testing and the effect standardized 
testing has on what mathematics is taught in the classroom (Items 43 and 47, respectively). 

Teachers' Conceptions of Schooling. 

Goals and function of schooling pertaining to children. Dynamic Inquiry teachers rated Item 
63 (Schools must train students to learn and apply rules, follow instructions, absorb facts and 
memorize detail) significantly lower than all other groups (see Tables D50 and DSl). In addition. 
Scientific Thinking teachers rated this item lower than Global teachers. There were nonsignificant 
differences between Fixed Body of Knowledge teachers and both Global and Scientific Thinking 
teachers. These findings are in accordance with teachers* profiles on their conceptions of mathematics 
and mathematics teaching. Dynamic Inquiry teachers, who disagree with the conception of 
mathematics as a collection of concepts and skills, did disagree with factual training as a primary 
function of schools. 

Scientific Thinking teachers tended to place less emphasis on Item 66, which pertains to the 
allocation of resources among all students regardless of personal background, than did Global teachers. 
It is unclear what these differences entail, since all groups tended to place moderately high priority 
on this conception (see Tables D56 and D57). 

Goals and functions of schooling pertaining to society . Global teachers tended to assign 
moderately high priority to the function of schools to preserve the traditions and stability of society. 
Item 55, whereas Dynamic Inquiry teachers tended to feel somewhat neutral towards this goal. 
Significant differences were found between these tv;o clusters of teachers on Item 55 (see Tables D42 
and D43),. 

All groups of teachen tended to place high priority on Iter 51, which deals with developing 
students* work values, group adaptive skills, and reward values associated with work (see Tables D46 
and 047). However, both Global teachers and Scientific Thinking teachers placed significantly higher 
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emphasis on this item than Dynamic Inquiry teachers. 



Teachers in the Fixed Body of Knowledge and Global clusters rated the value of competition 
in schooling (Item 62) higher than either Scientific Thinking or Dynamic Inquiry teachers. While the 
latter two clusters tended to feel somewhat neutral towards the value of competition, the former 
groups tended to place moderately high priority on the item (see Tables D48 and D49). 

In accordance with other items associated with the function of schooling to maintain stability 
in our society (Item 64), teachers in the Dynamic Inquiry cluster tended to feel somewhat neutral 
toward time allocation as a priority for society, teachers, and students (Tables D52 and D53). 

Goals and i jnctions of schnni;no pert aining to acariftmic disciplines. Both Scientific Thinking 
teachers and Dynamic Inquiry teachers placed moderately high priority on the role of schools as 
transmitters of knowledge in academic disciplines (Item 57) whereas Global teachers placed 
significantly higher priority on this function of schooling. It may be that the former two groups of 
teachers see such disciplines as mathematics and science, where each branch of knowledge benefits 
the other having "fuzzy" boundaries (Refer to Tables D44 and 45). 

Although Global teachers tended to rate Item 65 (Schools exist to develop students' abilities 
to think, solve problems and make decisions by means of thorough training in academic disciplines) 
higher than Dynamic Inquiry teachers, all groups placed high priority on this conception. Thus, it 
is unclear what this difference means as it pertains to the actual practice of teachers (Tables D54 and 
D55). 



Discussion 

Results indicate that participating teachers' conceptions of mathematics are highly related to 
the ways in which they approach teaching mathematics, to the ways in which they view the system 
of mathematics education and, in particular, to the attitudes with which they view change in that 
system. Documentation of collaborative impact, therefore, should take these differences into account. 
Moreover, knowledge of teachers' conceptions of mathematics and how they differ across urban sites 
may help educators provide a "best fit" of activities for the teachers in their area. 

One of the primary goals at the start of the UMC project was to provide urban teachers with 
a sense of ownership of their teaching (Romberg, 1984). Without attention to differences in the ways 
in which teachers view mathematics education, reform cannot provide this sense of empowerment. 
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For instance, Fixed Body of Knowledge teachers, who are not in strong agreement regarding the 
emphasis on the dynamic nature of mathematics, may not agree entirely with the renewed emphasis 
on constructivism that pervades the mathematics education literature. Workshops and/or teacher 
education programs that emphasize the ways in which the Fixed Body of Knowledge approach can 
be tailored to students* construction of their own knowledge may help these teachers integrate new 
materials that otherwise might prove frustrating. Likewise, Dynamic Inquiry teachers may put too 
little emphasis on the facts and skills students need to be effective in mathematical modeling and 
exploration. Activities that integrate skills and rules with inquisitive exploration may help them 
provide children with mathematical power. 

For the purposes of the Documentation Project, knowledge of the different ways in which 
teachers from different collaborative sites view mathematics and mathematics education may reveal 
the effects of different educational policies, differences in available resources, and differences in the 
characteristics of the involved communities on the process of educating urban children. 
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Table 2 

Summary Table of TCMME Survey Item Means by Cluster 



Item 



Cluster 
2 3 



CQnc«Dtiont of M»th<m»Uc* 

1, Mathtmaticf U a procMt in which aUtract idtM %x% applied 
to tolv* real* world probUnoi. 

2, M»th«inatici ia a languac*, with ita own pr«cis« mtaning and 
grammftT, ui«d to rapratant and communicata idaaa. 

3, Mathamattci it a collactton of concapU and tkilla uaad to 
obtain anawan to problama* 

4, Mathamatica ia thinking in a logical, aciantific, inquiaitiva 
mannar and ia uaad to davalop undaratanding. 

5, Mathamatica ia facta* akilla, nilaa and concapta laarnad tn 
aoma taquanca and appUad in work and futura atudy. 

e. Mathamatica ia an intarconnactad logical ayatam, ta dynamic, 
and changaa aa naw problam aolving aituationa ariaa. It ta 
formad by thinking about actiona and axpariancai. 

ConcitDtioni of Mathamatici Taaching* 

9. To enabla atudants to maatar a hiarmrehy of concapta and 
•killa and to uaa thaaa in aolving problama. 

10, To provida axpariancaa for atudanta to know mathamatica aa 
originating in raal-worid aituationa and to hava tha powar 
of uaing a amall aat of aymbola to rapraaant and aolva a wida 
ranga of problama. 

11, To anabla atudanta to uaa mathamatical procaduraa to tolva 
problama and mathamatical concapta to modal both abatract 
and raal-world aituationa. 

12. To provida atudanta with complata undaratanding of tha 
m«aning(a) of mathamatical concapta and anabla tham to 
communicata idaaa uaing corract mathamatical aymbola, rules 
and raaaoning. 

13, To prepara atudanta for work and futura atudy by having 
them maatar a aaquance of facta, papar*and-pancil akilla, 
rulaa and concepts. 

14. To anabla atudanta to uaa mathamatica to explore aituationa in 
an inquiaitiva manner, and to offer and teat hypothaaea by 
logical reaaoning, for the purpoee of developing a more 
complete underatanding of tha situation. 



S,5 



4.3 



4.5 



4.3 



3.0 



4,3 



4.2 



4.4 



4.0 



3.7 



4.3 



3.8 



4.2 



2.7 



4.1 



2,6 



4,4 



3.9 



4.4 



4.3 



3.8 



2.8 



4.S 



4.7 



4.8 



5,0 



5,0 



5.0 



4,7 



4.7 



4.5 



4.6 



4.4 



4.3 



4,3 



4,6 



4.2 



3,9 



3.0 



4,3 



4,3 



4.3 



4.5 



4,1 



3,6 



4,6 



4,4 



'Teacher write-in items are not included. 



Table 2 (continued) 

Summary Table of TCMME Survey Item Means by Cluster 



Cluster 

Item 1 2 3 



ConctDtiont of R>gQmin*nd*d Ch>nM»* 

17. C»l€ul»tor« ftnd compuUn ahould b« introduc«d into 
mathtmattci courtM to •nhanct undtntudini and probUm 
•olvinc^ Mid to take the dnidivrx out of computations. 
PrtMntation of topics ns«ds to b« rrris«d bM«d on firwth 

approschss possibU with ns« tschnolofi«s. 4.4 4.6 4.3 4.4 

18. TradttionsI high school mathsmatics coursss nssd to b« 
tntsgrmtsd snd untflsd to show intsmUtionships across 

topics and apphcations. 4.0 4.3 4.2 4.2 

19. Altsrnativs mathsmattcs coursas should b« availabls for 
students who ara planning q2| to go to coUsga or who ar« 
planning not to taks a collsgt major with high mathematics 

contsnt. 4.3 4.0 4.3 4.1 

20. Mors smphasis should ba givsn to stmpU msntal computation, 
•stimation and approximation » and lass to practicing langthy 

papar-and-pancil calculations. 3.7 4.1 4.0 4.1 

21. Mors topici and tschniquss from dxscrsts mathsmatics» 
statistics and probability should b« introduced into the high 

school curriculum. 3.5 4.2 3.9 3.8 

22. Mathematical modeling and problem solving should be 
incorporated as a central feature in high school mathematics, 
and should be integrated into other parts of school curricula 

(such as scisnce and social studies). 4.3 4,5 4.4 4.3 

23. Preservice and tnservice teacher education programs need 
to be developed that train teachers in individual and small 

group teaching, the use of technology, and research. 4.2 4.3 4.3 4.2 

24. Schools must adopt differential atafflng patterns and career 
ladders for mathematics teachers by appointing master teachers 

to develop, coordinate and supervise new programs. 3.2 3.8 3.6 3.4 

25. Mathematics teachers should be encouraged to become members 
of professional mathematical societies and to attend regional 

and national meetings. 3.9 4.2 4<2 4.1 

26. A core mathematics program should provide optional tracks 
and electives^ and the opportunity for every student through 

Grade 10 to prepare for college entry. 4.1 4.1 4.5 4.1 



^Teacher write-in items are not included. 
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Table 2 (continued) 

Summary Table of TCMME Survey Item Means by Cluster 



Cluster 

Item I 2 3 



27. A stat^-Uvcl prognoitic tMt in mAth^niAtici should b« 

mdminist^rid to M student* in Grade 9 or 20 to determine if 
they are ready to punue liirther in«th*reUted work or study, 
or if they are in need of remediation or eouree changes* 
Results of such teets would not be avaUable for the purpoae 
of collegs admission or to evaluate teachere* 



3.5 3.3 3.9 3.5 



28. Increased funding should be made avaUable for the 

development of improved, appropriate materials, diagnostic 

techniques and teaching strategies for remedial programs. 4.0 4.0 4.2 4.1 



29. Strong efforts must be made to increase the awareness of the 
importance of mathematics among all msmbers of the 

community, especially among parents of school age children. 4.4 4,3 4.6 4.4 

30. A core mathematics program should be established which 

requires all students to study mathematics through Grade 11. 4.3 3.9 4.4 4.1 

31. Sp«cial efforts should be made to identify mathematically 
talented students, especially minorities and women, and to 
encourage them to pursue careers in mathematics, science 

and mathematica education. 4.3 4.4 4.6 4.4 

32. Parents should have the option of sending their children to 

the public school of their choice. 3-2 3.2 3.3 3.3 

Conceptions of Mathematics jg^i^cation 

34. Mathematics teachers' primary responsibility is keeping order, 
keeping students busy and productive in the classroom, and 

covering all the material, 2.3 2.1 2.4 2.4 

35. Calculators and computers can facihtate the learning of 
mathematics. Hands-on experience with changing technology 
should be incorporated as an integral part of mathematics 

instruction. 4.7 4.5 4.5 

36. Special applicationSi real-world problems and extracurricular 
activities must be tailored to the needs and abilities of each 

student to help them excel. 4.0 4.1 4.2 4.0 

37. Mathematics teachers must teach students to communicate 
using conventional mathematical signs, symbols and 

vocabulary, 41 *•« ^-^ 



^Teacher write-in items are not included. 



Table 2 (continued) 

Summary Table of TCMME Survey Item Means by Cluster 



Cluster 



Item 



3S. Mftthmaticml Aiimlysis, int«ipr«tation and inquiry should h% 
taught concumntly with th« basic skills. Studsnts must b« 
taught to us« mathsmatics to gain undsrstanaing of a rariaty 

ofphanomana. 4.3 4.4 4.5 4.3 

39. Mathamatics taachars hava tha rtspcnsibility to taach tha 

rsquisila skills for subtaquant couraas* 4.2 4.0 4.S 4.2 

40. Mathtmatical skills and rulst should not ba taught in isolation, 
Mathamatics naads to ba discovarsd by studants through 

appliad problam solving. 4.0 4.3 4.3 4.3 

4L Mathamatics taachars somstimas hava to sacrifica tha broadar 
aims of tha coursa in ordar to spand mora tima bringing tha 

antira class up to a minimum compatancy Isval. 3.4 3.1 3.6 3.5 

42. Mathamatics taachars should damand strict adhtranca to 

mathods and notations uaad in class. 3.3 3.6 3.3 3.0 

43. It is difficult to obtain objactiva svidanca of studant 
mathamatics achiavamant. Tha procass of laaming 
mathamatics ia uniqua to tha individual, and doss not land 

tttalf raadily to standvdisad avaluation. 2.7 3,9 2.8 2.7 

44. It is good for studants to saa mathamatics taachars maka 
mistakss. It halps tham undarstand that making thair own 

mistakss is part of tha scianca of mathamatical thinking. 3.8 4.1 4.0 3.8 

4$, Mathamatics is an anjoyabla diaciplina. 4.6 4.6 4.8 4.6 

46. Mathamatics taachars hava tha rasponsibility to uach tha 

rtquisita skills for futura amploymant. 3.9 3.9 4.3 4.0 

47. Ths results of standardiiad tssta graatly influancs what 

mathtmatics ia taught. 3.3 3.5 3.7 3.6 

48. All studants should ba raquirad to pass a minimum 
compatancy tast in mathamatics to graduate from high 

school. 4.3 4.0 4.5 4.1 

49. Tha greatest influence on my teaching of mathematics was my 

high school mathamatics taachar(s). 3,4 3.0 3.1 3.2 

50. Tha greatest influence on my teaching of mathematics was my 

coursework in college and/or teacher education, 2.8 2.9 2.7 2.7 

51. The greatest influence on my teaching of mathematics has 

betn my colltaguas who are teachers. S.S S.S 3.1 9.} 
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Table 2 (continued) 

Summary Table of TCMME Survey Item Means by Cluster 



Cluster 



Item 



S2. I enjoy Uichinf inath«inaticfl. ^-^ ^-^ 
Conceptioni of SchooIiM* 

54. SchooU should provid* ui opportunilr for childrtn to punut 

thtir own taltnU» inUmU uid cnfttivc »biUtiM. 4.3 4.2 4.2 4.2 

55. School cunicuU should fiinction to prMtrvs ths traditions of 
socisty uid tht stability of our social institutions. Schools 
should b« account abU to th«ir local conununity as to how thsy 

arc achisyinf thtM aims. 5.4 S.S 3.6 

56. SchooU should group students according to similar needs, 

interests and abilities, rather than according to age. 3.5 3.6 3.8 3.7 

sr. A major role of schools is to transmit the knowledge and skills 

associated with different brmnchee of learning. 4.2 3.9 4.4 4.1 

58. Schools must be innovative to ensure that we maintain a 

dynamic and expanding society. 4.2 4.4 4.3 4.3 

59. Schools must ofbet Inequalities by providing special 

opportunities to disadvantaged students. 3.7 4.1 3.9 4.0 

60. Schools should be seen by students as places where they may 
find personal fulfillment, gain satisfaction from achieving 
their individual needs, and develop confidence in finding 

future direction. 4.5 4.6 4.6 4.5 

61. To make an easy transition from school to the work place, 
schools should be places where students develop proper work 
values and learn to adapt to large groupe, and where rewards 
are seen as both immediate (grades) and future (promise of 

employment). 4.3 4.1 4.5 4.2 

62. Competition is an important component of schooling, both to 

motivate learning and as prepcxation for adult life. 4.1 3.2 4.0 3.6 

63. Schools must train students to learn and apply rules, follow 

instructions, absorb facts and memoriae detail. 3.7 2.8 4.0 3.4 

64. Society must decide which years of a child's life sh^ be 
spent in formal learning, teacher* must be responsible for 
determining the appropriate time to allocate materials, and 

students must learn to use their study time effectively. 3.7 3.4 4.0 3,7 

*Teacher write-in items are not included. 
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Table 2 (continued) 

Summary Table of TCMME Survey Item Msans by Cluster 









Cluster 




Item 


1 


2 


3 


4 


65, Schools «xUt to d«y«lop tludftnU' mbiUti«0 to think» 0o1y« 

problftint make d«eisioiif hy iMmns of thoroufh trmininf in 
Mad«iiuc diaciplinM. 


4.4 


4.0 


4.4 


4.3 


r«tBrdl«M of vodAl^ •thnic or otb«r p«nonftl bAckground. 


4.1 


3.9 


4.3 


3.7 


67, Schoob should bs placM thftt childrtn f««l %r% tali bavana 

from tha ftraata. Childran tnuat faal comfortabla with taachars, 
adminittration and othar ttudanta. 


4.« 


4.6 


4.7 


4.5 


68, Schools should ba for studanta who want to laam and who ara 
willtnf to work, and not a social afancy for attanding to all 
tha naadi of schooUaga childran. 


3.6 


3.5 


4.0 


3.8 


N: 


73 


101 


109 


195 



Teachers* Conceptions by ColltboratiYe Participation Level 

A part of the ongoing effort of the Documentation Project is to determine the impact of 
collaboration on teachers* Icnowledge, attitudes, and beliefs about their profession. A primary 
assumption behind the UMC project, then, is that collaboration will positively affect these systems. 
Thus, teachers who are frequent participants in the collaborative project should exhibit more positive 
attitudes toward teaching mathematics and should better reflect the spirit of mathematics reform than 
teachers who have not participated in project activities. 

Participants were aslced to rate their level of participation in their collaborative, indicating 
whether they participated frequently, occasionally, or never* A one-way ANOVA was performed on 
TCMME Survey items across participation level. Scheffe post-hoc analyses determined the location 
of significant differences. All analyses used the Welsh-Aspin correction for unequal sample sizes 
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(separate variance estimates). Table 3, at the end of this section (page 53), gives the mean response 
to each item for each of the three levels of participation. 



Teachers' Conceptions of Mathematics 

Nonsignificant differences were found for all conceptions of mathematics across collaborative 
participation level except for Item 5. Occasional Participants rated "Mathematics is facts, skills, rules 
and concepts learned in some sequence and applied in work and future study" significantly closer to 
their own conception of mathematics than teachers who never participated. Both Frequent and 
Occasional Participants tended to rate this item close to their own conception while teachers who 
never participated felt more neutral towards the concept (see Tables El and E2 in Appendix E). 

Teachers' Conceptions of Mathematics Teaching 

Very few differences were found in conceptions of mathematics teaching between 
collaborative participation levels. Only Item 14 uncovered significant differences between groups. 
Although all participation levels rated Item 14 (To enable students to use mathematic to explore 
situations in an inquisitive manner, and to offer and test hypotheses by logical reasoning, for the 
purpose of developing a more complete understanding of the situation) important as a goal in their 
teaching. Frequent Participants rated this item higher than Occasional Participants (see Tables E3 and 
E4). 

Teachers' Conceptions of Recommended Change 

Since the UMC project is an outgrowth of the desire for change in secondary mathematics 
education and since the empowerment of teachers involves change in the ways in which they view 
their profession, it could be hypothesized that a major impact of collaboration should be on 
participants* conceptions of the importance of recommended change in high school mathematics. 
Indeed, the majority of group differences between frequent and occasional collaborative participants 
and those who never participated were uncovered in this section of the TCMME Survey. Results, in 
general, indicate that individuals who participate in collaborative activities tend to view recommended 
changes more favorably than nonparticipants. 

Introduction of techpolocv into high sc hool mathematics courses. Item 17, which deals with 
the integration of calculators and computers into high school mathematics courses, was rated 
significantly more important by Frequent Participants than by Occasional Participants (see Tables E5 
and E6) 
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Restructuring course content . Frequent Participants placed a higher emphasis on the 
importance of teaching simple mental computation, estimation, and approximation, rather than 
focusing on lengthy paper-and-pencil calculations (Item 20), than did either Occasional or 
W ^participants (See Tables £7 and £8). In addition. Frequent Participants favored inclusion of more 
topics from discrete mathematics, probability, and statistics in the high school curriculum (Item 21) 
than did Occasional Participants (Tables £9 and £10). 

Frequent and Occasional collaborative participants rated incorporating mathematical modeling 
and integration of other academic subjects into the mathematics curriculum (Item 22) much higher 
than Nonparticipants (See Tables £11 and £12)* 

Teacher development . Item 23, which deals with development of new inservice programs for 
mathematic teachers that emphasize individual and small-group teaching, technology, and research, 
wa$ rated much more important by Frequent Participants than by either Occasional or 
Nonparticipants. Non-significant differences were found between Occasional and Nonparticipants 
(see Tables £13 and £14), 

Frequent Participants responded more favorably to the adoption of differential staffing 
patterns and career ladders for mathematics teachers than did Nonparticipants (Item 24). It is unclear 
exactly what these differences signify. Perhaps collaborative teachers feel that they are exceptional 
teachers, and therefore may benefit more from such programs (see Tables £15 and £16). 

Item 25 is particularly significant to th UMC effort. It deals with teachers' beliefs about the 
importance of membership in professional organizations, like the collaboratives themselves. A direct 
positive trend is evident, with Frequent Participants rating this item more important than Occasional 
Participants, and Occasional Participants rating it much more highly than Nonparticipants. It seems, 
then, that Urban Mathematics Collaboratives fill an important role in the professional lives of 
participants (see Tables £17 and £18). 

Teachers' Conceptions of Maihemaiics Education 

Only two items in this section revealed significant differences among teachers across 
participation level in UMC activities. Item 34, which deals with teachers' conceptions that the 
primary responsibility of mathematics teachers is keeping order and covering all the material, was 
rated higher by Occasional Participants than by Frequent Participants (Tables £ 19 and £20), This is 
some indication that frequent participation in collaborative activities may influence teachers to 
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redirect their instructional priorities toward some of the conceptions involving recommended changes 
and away from being primarily a disciplinarian. 

Item 52, "I enjoy teaching mathematics," was rated higher by Frequent participants than by 
Nonparticipants (see Tables E21 and E22). Frequent participants felt very strongly that they enjoyed 
teaching mathematics. This is consistent with results from other Documentation Project surveys 
(Middleton et al., 1989). 

Since the model for collaboration in the UMC project is to provide a variety of experiences 
for teachers to glean information from business, industry, and other teachers that would influence 
their own teaching of mathematics, it was hypothesized that collaborative participants would rate the 
individuals who most influenced their own teaching differently from the way nonparticipants would 
rate them. Specifically, Frequent participants were expected to rate their colleagues who are teachers 
higher as an influence than either their coursework in college or their own high school teachers. This, 
indeed, was the case. A Friedman two-way ANOVA by ranks was performed using Items 49, 50, and 
51 as repeated measures (see Table E25). Frequent participants rated their colleagues and their high 
school teachers significantly higher than their coursework in college and/or teacher education, (2 
d.f.) - 20.989, p < .0001. Occasional participants also rated their colleagues and their high school 
teachers as being more influential than their college courses, x\2 d.f.) « 11.308, p < .01. 
Nonparticipants, however, showed no significant difference among ratings of colleagues, high school 
teachers, and college coursework {p < .05). 

In addition, if one looks at the magnitude of the mean ranks of Items 49, 50, and 51, an 
interesting pattern appears. The influence that ranked highest for Frequent participants was their 
colleagues who are teachers, which is consistent with our hypothesis. However, for Occasional 
participants, the highest ranking influence was their own high school teachers. Nonparticipants 
showed very little difference in mean rankings at all. This leads to the conclusion that UMC 
mathematics teachers are influenced primarily by other teachers. If teachers are primarily influenced 
by their colleagues or their own teachers, then the impact of the collaborative project becomes 
significant. For instance, if a prospective teacher is influenced primarily by her former high school 
mathematics teacher, and if that teacher is part of an effort to improve and reform teaching like the 
collaborative, then the student will be influenced by the collaborative through her own teacher. If 
another prospective mathematics teacher is influenced primarily by her colleagues, then involvement 
in the collaborative will help her improve and refine her teaching skills. 
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Both types of teachers will in turn influence their own students and colleagues who are 
prospective teachers. Collaboration, then, sets in motion a cycle of teacher improvement that 
continues through future generations of teachers. Without projects that encourage teachers in self* 
improvement, mathematics teaching may remain resistant to change and may not capitalize on new 
techniques and activities that can enrich students' mathematical expertise. 

Teachers' Conceptions of Schooling 

The focus of collaborative teachers on the improvement of their own teaching and schooling 
in general is evident in teachers* responses to Item 58. Frequent participants placed very high priority 
on innovation in schooling in order to maintain a dynamic and expanding society. Frequent 
participants rated Item 58 significantly higher than Nonparticipants (see Tables E23 and £24), 

Discussion 

Results indicate that participants in UMC activities tend to be more favorably inclined towards 
recommendations for change in mathematics education than nonparticipants. Frequent participants 
were inclined toward using mathematics in inquisitive hypothesis-testing situations. Congruent with 
this conception. Frequent participants also tended to view the use of technology and restructuring 
course content to emphasize estimation and approximation as desirable change in their own schools. 
In addition, Frequent participants felt favorably toward increased teacher education and inservice 
designed to integrate new teaching methods, technology, and research into their professional 
repertoire* This is consistent with findings from Middleton ct aK (1989) that showed UMC teachers 
as more inclined to continue their education than a national sample of teachers. 

In addition, collaborative teachers indicated that they enjoy teaching mathematics more than 
Nonparticipants. Although it may be that Frequent participants enjoy mathematics teaching more, 
and thus engage in pertinent activities like those provided by the collaboratives, it also suggests a 
positive impact of the collaborative project on influencing teachers' affect. Teachers' statements on 
the Diary of Professional Relationships seem to reflect these patterns. Teachers stated that the 
collaborative provided them with the opportunity to interact with other teachers, to learn new 
classroom methods, and to broaden their conceptions of the nature of mathematics education. In 
addition, teachers reported that the collaborative gave them a fresh outlook on their profession, 
increased their sense of control and confidence in their abilities, and curbed burnout--in more than 
just a few cases. 

Further evidence supporting the positive influence of the UMC project on teachers' 
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conceptions is that participants tended to rate their colleagues as a greater influence on their own 
teaching more than nonparticipants. This would indicate that the coUaboratives are fulfilling an 
important objective in providing teachers with the opportunity to interact with each other and share 
new and varied teaching techniques. Further, it seems that teacher collaboration may initiate a cycle 
of positive development in mathematics education through the influence of collaborative participants 
on future teachers of mathematics, their students. 
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Table 3 

Summary Table of TCMME Survey Item Means by Collaborative Participation Level 



Item 



Participation Level 
Frequent Occasional Never 



1. Maihtmaiicii ii m proem in which ftbttrsct idtM art applitd 
to tolvt r«al- world probltmg. 

2. Mftth«niAiici is & languAcSi ^^h iU own pr«cii« mtAninf and 
graniinar, UMd to rtpriMnt and coimnunicfttt idtM. 

3. Math«inmtict is a eoUtction of conctpU and skilU ut«d to 
obtain antwm to probUtna. 

4. Mathamatict ti thinkinf in a logical, •ciantific, inquiiitivt 
manner and ii uaad to dtvalop undarttanding. 

5. Mathamatici i« facta, ikilU, nilaa and concapta laamad in 
•oma taquanca and appliad in work and futura study. 

6. Mathamattcs ia an intarconnactad logical tystam, ia dynamic, 
and changas aa naw probiam solving situations ansa. It is 
fonnad by thinking about actions and axpariancaa. 

Conceptions of Mathamatics Teaching* 

9. To anabia students to ma^tar a hierarchy of concepts and 
skills and to use these in solving problems. 

10. To provide experiences for students to know mathematics as 
originating in real-worid aituations and to have the power 
of using a small set of symbols to represent and lolve a wide 
range of problems. 

IL To enable students to use mathematical procedures to solve 
problems and mathematical concepts to model both abstract 
and real- world situations. 



4.2 



4.4 



4.0 



4.6 



3.0 



4.5 



4.3 



4.4 



4.5 



4.1 



4.5 



4.1 



4.6 



4.0 



4.1 



4.3 



4.0 



4.$ 



4.0 



4.4 



3.5 



4.3 



4.2 



4.3 



4.4 



4.3 



4.3 



13. To provide students with complete understanding of the 
meaning(s) of mathematical concepts and enable them to 
communicate ideas using correct mathematical symbols, rules 
and reasonmg. 

13. To prepare students for work and future study by having 
them master a sequence of facts, paper- and -pencil skills, 
rules and concepts. 

14. To enable students to use matbemfttics to explore situations in 
an inquisitive manner, and to offer and teat hypotheses by 
logical reasoning, for the purpose of developing a more 
complete underatanding of the aituation. 



4.1 



3.6 



4.1 



3.7 



4.0 



3.7 



4.6 



4.4 



4.4 



'Teacher write-in items are not included 



69 



54 

Table 3 (continued) 

Summary Table of TCMME Survey Item Means by Collaborative Participation Level 



Item 



Conc«Dtioni of R>coinm«tid*d ChwiKt 

17. C&lculaton tnd eomputm shotild h% introduced into 
ni»th«inftticA coutmi to •nhuicc und«rttandinf and problem 
•olvinf, and to take th« drudf cry out of computationi. 
PrtMntation of topici ii««ds to b« reviMd hnmd on frtth 
appro»ch«t poMiblc with n«w t«chnolofi«f. 

18. Traditionml high school math^mfttici couriM nMd to 
int«frmt«d and unifi«d to show intcmlationshipf merest 
topics mnd applications. 

19. Altsmativa mathamatics courm should b« availabla for 
studants who ara planninf j[|2i go to coUaga or who ara 
planning |i2i io taka a coUaga major with high mathamatics 
cent ant. 

30. Mora amphasia should ba givan to simpla mantal computation, 
astimation and approximation, and lass to practicing ^angthy 
papar-and^panctl calculationa. 

31. Mora topics and tachniquat from diacrata mathamatics, 
statistics and probability should ba introducad into th« high 
school curriculum, 

22. Mathematical modeling and problem solving should ba 
incorporated as a central feature in high school mathematics, 
and should ba integrated into other parts of school curricula 
(such as science and social studies), 

23. Preaervice and tnsarvice teacher education programs need 
to ba developed that train teachers in individual and small 
group teaching, the use of technology, and research. 

24. Schools must adopt differential staffing patterns and career 
ladders for mathematics teachers by appointing maatar teachers 
to develop, coordinate and supervise new programs. 

25. Mathematics teachera should be encouraged to become members 
of professional mathematical societies and to attend regional 
and national meetiings. 

29, A core mathematica program should provide optional tracks 
and electives, and the opportunity for every student through 
Grade 10 to prepare for college entry. 



Participation Level 
Frequent Occasional Never 



4.6 



4,S 



4.3 



4.1 



4.1 



4.2 



4.0 



4.2 



S.9 



3.7 



4.4 



4.4 



3.6 



4.4 



4.2 



4.4 



4.1 



3.5 



3.9 



4.1 



4.2 



4.1 



4.1 



3.8 



3.8 



4.1 



3.9 



3.1 



3.5 



4 1 



^Teacher write-in items are not included. 
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Table 3 (continued) 

Summary Table of TCMME Survey Item Means by Collaborative Participation Level 



Item 



Participation Level 
Frequent Occasional Never 



77, A itaU-ltvtl prognostic imi in msthtinatict should b« 

adininiit«r«d to all itudctitt in Grtdc 0 or 10 to determine if 
they mre reidy to pureue farther math-related work or itudy, 
or if they are in need of remediation or course changes. 
Results of luch tests would not be avaUable for the purpose 
of coUsfe admission or to evaluate teachers. 

28. Increased funding should be made available for the 
development of improved, appropriate materials, diagnostic 
techniques and teaching itrategies for remedial programs. 

29. Strong efTorts must be made to increase the awareness of the 
importance of mathematics among all members of the 
community, especially among parents of school age children. 

30. A core mathematics program should be established which 
require! all itudenti to itudy mathematics through Grade 11. 

31. Special efforts should be made to identify mathematically 
talented ttudenti, especially minorities and women, and to 
encourage them to pursue careers in mathematics, science 
and mathematici education. 

33. Parent! ihould have the option of Mnding their children to 
the public school of their choice. 

Conceptions of Mathematics Education 

34. Mathematics teachers' primary responsibility is keeping order, 
keeping itudenti buiy and productive in the classroom, and 
covering all the material. 

35. Calculators and computers can facilitate the learning of 
mathematici. Handi-on experience with changing technology 
ihould be incorporated as an integral part of mathematics 

initruction. 

36. Special application!, real^world problems and extracurricular 
activitiei muit be tailored to the needs and abilities of each 
itudent to help them excel. 

37. Mathematics teachers muit teach itudents to conununicate 
uiing conventional mathematical signs, lymbols, and 
vocabulary. 



3.6 



4.1 



4.5 



4.3 



4.5 



3.3 



3.3 



4.6 



4.1 



4.0 



6.6 



4.1 



4.3 



4.1 



4.4 



3.2 



3.5 



4.5 



4.0 



4.1 



3.4 



3.0 



4.3 



4.1 



4.3 



3.5 



2.3 



4.4 



4.2 



4.3 



'Teacher write-in items are not included. 
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Table 3 (continued) 

Summary Table of TCMME Survey Item Means by Collaborative Participation Level 



Item 



Participation Level 
Frequent Occasional Never 



38. Mathtmaticai analysii, int«rpr«talion and inquiry thould bt 
taught concurrtntiy with th« basic skiUt. StudcnU muat b« 
taught to UM mathamatica to gain undantanding of a variety 
of phanomtna. 

39. Math«matics taachara hava tha raaponsibility to taach tha 
rtquisita skilla for aubaaquant couraat. 

40. Mathamatical skills and rulaa should not b« taught tn isolation. 
Mathamatica naada to ba discovarad by studants through 
appliad problam solving. 

41. Mathamatica taachara aomatimas hava to sacrifica tha broadar 
aims of tha coursa in ordar to spand mora tima bringing tha 
tntira class up to a minimum compatancy laval. 

42. Mathamatica ttachars should damand stnct adharanca to 
mathods and notations uaad in r.laas. 

43. It is difficult to obtain objactiva avidanca of studant 
mathamatica achiavamant. Tha procaaa of laaming 
mathamatics is uniqua to tha individual, and doas not land 
itaalf raadily to standardiaad avaluetion. 

44. It is good for studants to saa mathamatics taachara maka 
mistakes. It halpa tham undaritand that making thair own 
mistakes is part of tha science of mathamatical thinking. 

45. Mathematics is an enjoyable discipline. 

46. Mathamatics teachers have the raaponsibility to teach the 
requisite skills for future employment. 

47. The results of standardiaad tests grsatly influence what 
mathamatica ts taught. 

48. All studants should ba required to paaa a minimum 
competency test in mathamatics to graduate from high 
school* 

49. The greatest influence on my teaching of mathematics was my 
high school mathamatica teacher(s). 

50. The greatest influence on my teaching of mathamatics was my 
coursawork in college and/or teacher education. 

61. The greatest influence on my teaching of mathematics has 
been my colleagues who are teachers. 



4.4 



4.2 



4.3 



3 4 



3.0 



2.9 

3.9 
4.7 

4.0 

3.6 

4.2 
3.2 
2.7 
3.3 



4.3 



4.3 



4,1 



3.5 



3.1 



2.7 

3.9 
4.6 

4.0 

3.5 

4.1 
3.3 
2.9 
3.2 



4.2 



4.1 



4.3 



3,5 



3.1 



2.9 

4.0 
4.5 

4.0 

3-5 

4.4 

2.8 
2 9 
3.1 
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Table 3 (continued) 

Summary Table of TCMME Survey Item Means by CoUaboralive Participation Level 



Item 



52. I tnjoy itching m&themfttici. 
ConctPtioni of Schooling* 

54. SchooU should provide »n opportunity for childrtn to purau« 
thtir own tftl«ntt, intcrMti uid cr«ativ« abilitiM. 

55. School curricula should function to pr«Mrv« th« traditions of 
society and tha stability of our social institutions. Schools 
should b« accountabla to thair local community a^ to how thay 
ar« achttvtnf thaaa aims. 

56. Schools should group studants according to similar naads, 
interests and abilitiasi rathar than according to aga. 

57. A major rola of schools is to transmit tha knowladga and skills 
associateo with diffarant branches of laaming. 

58. Schools must b« innovative to ensure that we maintain a 
dynamic and expanding society. 

59. Schools must offset inequalities by providing special 
opportunities to disadvantaged students. 

60. Schools should be seen by students as places where they may 
fmd personal fulfillment, gain satisfaction from achieving 
their individual needs, and develop confidence in finding 
future direction. 

61. To make an easy transition from school to the work place, 
schools should be places where students develop proper work 
values and learn to adapt to large groupe, and where rewards 
are seen ae both immediate (gradea) and future (promise of 
employment). 

62. Competition is an important component of schooling, both to 
motivate learning and as preparation for adult life. 

63. Schools must train students to learn and apply rules, follow 
instructions, absorb facts and memoriae detail. 

64. Society must decide which yean of a child's life shall be 
spent in formal learning, teachers must be responsible for 
determining the appropriate time to allocate materials, and 
students must learn to use their study time effectively. 



Participation Level 
Frequent Occasional Never 



4.9 



4.3 



3.6 



3.7 



4.1 



4.4 



4.0 



4.5 



4.3 



3.7 



3.4 



4.8 



4.2 



3.5 



3,6 



4.2 



4.2 



3.8 



4.5 



4.3 



3,7 



3.5 



4.7 



4.2 



8.6 



3.7 



4.2 



4.3 



3.9 



4.5 



4.1 



3.5 



3.4 



5.7 



3,7 



3.6 



'Teacher write-in items are not included. 



73 



58 

Table 3 (continued) 

Summary Table of TCMME Survey Item Means by Collaborative Participation Level 



Item 



Participation Level 
Frequent Occasional Never 



65, School! sxiit to d«v«lop studttnU' abiliti«t to think, lolv* 
probltma vid m^* d«ciaioai by imftfii of thorough tr&ining in 
&cad«inic ditciplinM. 

66, Schools must allocmtt rvtoyrcM •quAlly ainonf M studttntt, 
regardlttt of sociftl, tthnie or othtr p«rtonil background. 

67, Schools should b« pl»c«i that children fMl ar« safe havens 
from th« strMts. Children must fsel comfortable with teachers, 
administration and other students. 

68, Schools should be for students who want to learn and who are 
willing to work, and not a social agency for attending to all 
the needs of tchool^age children. 



4.3 



4.1 



4.6 



3.7 



4.3 



3.8 



4 5 



3.9 



4.0 



38 



4.7 



3.5 



N: 



231 



202 



40 



Teachers' Conceptions by Collaborative Site 

Data from previous surveys (Romberg ct al., 1988; Middleton et al., 1989) indicate that 
coUaboratives vary in demographics, resources available, state and local policy, and the emphasis of 
collaborative activities. Consequently, some differences among collaborative sites were expected in 
teachers' responses to the TCMME Survey. How these differences affect teachers' conceptions of 
mathematics and mathematics education are as yet unclear. However, contrasting collaborative 
responses should illuminate individual differences in coUaboratives and should suggest ways in which 
projects such as the UMC project can effectively tailor resources to fit the individual needs of 
different urban areas. 

A one-way ANOVA was performed on TCMME Survey responses across coUaboratives, 
Scheffe post'-hoc analyses determined the locations of the main effects. It must be noted here that, 
since the Scheffe procedure partitions the family wise Type I error rate by the number of contrasts, 
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the power of detecting a significant difference for each contrast is significantly reduced. Therefore, 
differences among collaborative sites other than those reported are likely. Only the most improbable 
are reported here. 

Perhaps the most interesting findings have to do with the relatively few differences detected 
among collaborative sites. Out of 55 contrasts per item by 64 items (3»520 total possible differences), 
only 25 contrasts, less than 1 percent, were classified as significant differences. Although this may 
be a function of the loss of power by dividing up the error rate into 55 contrasts, it also attests to the 
fact that participation level and the profiles of mathematics conceptions were distributed similarly 
across most coUaborati ves. If conception of mathematics and participation level are major influences 
on teachers* conceptions of mathematics education, then few major differences should be evident 
across collaboratives except where conception of mathematics and participation level are different 
across sites. Differences that were detected among collaborative sites were fairly consistant across 
all contrasts. Teachers in New Orleans, San Francisco, San Diego, and the Twin Cities were found 
to rate items differently from the way teachers in other collaboratives rated them, for the majority 
of the significant contrasts. 

Teachers* Conceptions of MaihemtUics 

As with the examination of teachers' conceptions by profile of responses and by participation 
level. Item 5 seems to discriminate among groups of teachers more than the other conceptions of 
mathematics. Teachers in New Orleans agreed strongly that the conception of mathematics as facts, 
skills, rules and concepts fit their own conceptions of mathematics, whereas teachers in the San 
Francisco and Twin Cities collaboratives rated this conception more neutral (see Tables Fl and F2 in 
Appendix f ). 

Teachers' responses to the Diary of Professional Relationships seem to reflect these site 
differences. For example, the five teachers in San Francisco who responded to the Diary all 
emphasized language and communications as part of the domain of mathematics, whereas the three 
respondents in New Orleans focused on the relationships and patterns between quantities, consistent 
with New Orleans teachers' responses to Item 5* 

Teachers' Conceptions of Mathematics Teaching 

No significant differences were found between any pair of collaborative sites for any of the 
six conceptions of mathematics teaching* 
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Teachers* Conceptions of Recommended Change 

Although teachers across all collaboratives agreed that technologies such as calculators and 
computers enhance comprehension of mathematics topics by eliminating drudgery (Item 17), teachers 
in New Orleans felt this recommendation was only slightly important. Teachers in San Diego and the 
Twin Cities, on the other hand, felt that the introduction of new technologies was very important (see 
Tables F3 and F4). 

When rating the importance of mathematics teachers becoming members of professional 
organizations (Item 25)^ teachers in Pittsburgh tended to feel more neutral than teachers from 
Cleveland, Philadelphia, and the Twin Cities (see Tables FS and F6). 

Teachers in New Orleans and Pittsburgh tended to feel that the recommendation of a state 
level prognostic test in mathematics (Item 27) was important. Teachers in the Twin Cities and San 
Diego, however, felt more neutral toward the item (see Tables F7 and F8). 

Teachers' Conceptions of Mathematics Education 

Similarly to their conceptions on Item 17, which also deals with the introduction of 
technology, teachers in New Orleans rated Item 35 lower than teachers in Durham, Philadelphia, San 
Diego, San Francisco, and the Twin Cities. Teachers at the latter sites agreed fairly strongly that 
calculators and computers should be an integral part of mathematics instruction, whereas New Orleans 
teachers, although they agreed with the item, felt less strongly about it (see Tables F9 and FIO). 
These findings may indicate a lack of availability of technology for many New Orleans teachers. 
Middleton et al (1989) found that the majority of respondents to the Secondary Mathematics Teacher 
Questionnaire from Durham, Philadelphia, San Diego, San Francisco, and the Twin Cities used 
calculators in their classes, n% hereas the majority of respondents from New Orleans indicated that they 
did not use calculators in their classrooms and that computers were not available for their use in 
teaching. 

Teachers in two of the California collaboratives, San Diego and San Francisco, tended to feel 
neutral toward Item 41 (Mathematics teachers sometimes have to sacrifice the broader aims of the 
course in order to spend more time bringing the entire class up to a minimum competency level). 
New Orleans teachen, however, tended to agree with the statement (see Tables Fl 1 and F12). These 
conceptions may be due to differences at these sites in the emphasis placed on mandated competency 
testing. The New Orleans Public School District is under considerable pressure to raise students' test 
scores. 
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When asked about the major influences on their own mathematics teaching, teachers in 
Memphis and New Orleans tended to rate their high school teachers (Item 49) higher than did teachci; 
in San Diego and San Francisco (see; Tables F13 and F14). 

Teachers' Conceptions of Schooling 

Competition (Item 62) as an important component of schooling was rated fairly neutral by the 
majority of collaborative^ Memphis a».d New Orleans tended to rate competition more importantly 
than did either San Francisco and the Twin Cities (Tables F15 and F16). 

Teachers in New Orleans agreed with the statement "Schools must train students to learn and 
apply rules, follow instructions, absorb facts and memorize detail" (Item 63) more than did teachers 
in the Twin Cities (see Tables F17 and F18). Responses to the Diary of Professional Relationships 
from teachers in New Orleans seem to mirror responses to the TXME Survey. One teacher 
emphasized increa«'ig students* knowledge and mathematical skills, while another stressed that 
students were not working up to capacity, thus reducing test scores. 

Cluster Membership by Collaborative Site 

Significant differences were found between the proportion of teachers in each of the four 
clusters extracted by collaborative site. In particular. New Orleans teachers exhibited a higher 
proportion of teachers in the Global Cluster and a lower proportion of teachers in the Dynamic 
Inquiry Cluster than other collaboratives (see Table F19). New Orleans was significantly different 
from all collaboratives except Memphis, Pittsburgh, and St. Louis in the distribution of teachers across 
conceptions of mathematics. Additional differences were found between San Francisco and Twin 
Cities teachers, and teachers in New Orleans, Memphis, Philadelphia, and San Diego. These 
differences seem to be centered around the higher proportion of teachers in the Twin Cities and San 
Francisco in the Dynamic Inquiry Cluster and the lower proportion of teachers in the Fixed Body of 
Knowledge Cluster. 

Many of the differences in ratings between collaboratives seem to be reflected in the 
proportion of teachers within sites within each of the four clusters. For instance, teachers in New 
Orleans rated Item 5 (Mathematics is facts, skills, rules, and concepts learned in some sequence and 
applied in work and fiuure study) higher than teachers in San Francisco and the Twin Cities. Since 
San Francisco and the Twin Cities have higher proportions of teachers in the Dynamic Inquiry 
Cluster, which tends to contrast with the conception of mathematics as primarily facts, skills. 
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and rules, these teachers should influence the mean score for their coUaboratives to be different from 
the mean score of teachers in New Orleans. 

Discussion 

Results indicate that participants in the coUaboratives, in general, are highly similar in their 
conceptions of mathematics, mathematics teaching, recommended change, mathematics education, 
and schooling. The differences that were detected reflect the issues that are influencing mathematics 
education at each of the different sites. In addition, differences seem to be related to teachers* 
conceptions of mathematics. It is unclear just how teachers* conceptions are influenced by the various 
social and policy issues that are in play within each site, or how conceptions influence the articulation 
of policy in everyday schooling. However, these differences in conceptions do illustrate the 
individuality of each of the eleven UMC sites. 

Particularly interesting are the contrasts between New Orleans and San Diego and between San 
Francisco and the Twin Cities. The relatively high percentages of teachers in the latter two cities in 
the Dynamic Inquiry Cluster (41% and 35%, respectively) and low percentages in the Fixed Body of 
Knowledge Cluster (12% and 2%, respectively) would suggest increased attention to the changing 
aspects of mathematics education, including the use of technology, attention to individual differences, 
and decreased attention to norm-referenced testing and strict adherence to rules. 

New Orleans, on the other hand, showed high percentages of teachers in the Global and Fixed 
Body of Knowledge Clusters (40% and 22%, respectively). This would suggest attention on the part 
of these teachers to more rigid standards of academic progress, teaching the basics of mathematics, 
and evaluation of student progress to assure articulation of this knowledge. 

San Diego, with the highest percentage of teachers in the Fixed Body of Knowledge Cluster, 
is more difficult to describe. Although cluster membership would suggest teachers are teaching 
mathematics in a more structured way, with decreased attention to technologies, exactly the opposite 
is the case. This may be an artifact of the remaining percentage of teachers being distributed across 
the other three clusters, or it may attest to some other conception of mathematics altogether that was 
not uncovered by the cluster analysis. 

These differences across coUaboratives attest to the need for teacher empowerment projects 
to be sensitive to the individual differences among teachers in different urban centers. The model 
for the UMC project is to influence schooling at that crucial point where policy and the intended 
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curriculum are translated into instruction: Teachers. Without sufficient attention to the specific 
characteristics and needs of teachers within the different sites, the UMC project would cease to be 
a collaborative venture. Instead, through its focus on teachers within the context of their own cities 
and districts, the UMC project can more effectively concentrate effort to meet their specific needs. 



IV. GENERAL DISCUSSION 



Results indicate that mathematics teachers participating in the Urban Mathematics 
Collaborative project, as indicated by their responses to the TCMME Survey, appear to embrace the 
spirit of mathematics education reform in the United States. They seem to hold flexible, 
multidimensional conceptions of the nature of mathematics and to place particular emphasis on the 
notion that mathematics is both logical, scientific thinking and a way of communicating ideas. 
Although the more traditional view of mathematics, that it is a body of facts and skills, is not denied 
by the responses of teachers, they placed less emphasis on this conception than on those that 
emphasized mathematics as a way of thinking. Teachers reported on the Diary of Professional 
Relationships that their involvement in the collaborative had had a significant impact on the ways in 
which they approach mathematics and mathematics teaching. Their responses indicate that the 
collaboratives have given them greater flexibility in thinking about mathematics, and more exposure 
to new ideas and methods and have made them more aware of the needs of their students than before 
their involvement. 

The love of t aching that participating teachers express dispels some of the myths that all 
urban teachers are complacent and burned out. They are sensitive to the needs and individual 
differences of their students, yet they also emphasize the need for all students to become more 
mathematically powerful (e.g., NCTM, 1989). Teachers indicated their belief that the introduction 
of new teaching methods and technologies enhances mathematics teaching. In addition, teachers 
appear to be aware of the importance of mathematics education to their students and to society. In 
addition, the differences in which Frequent participants rated the enjoyment they receive from 
teaching mathematics over that of Nonparticipants lends strong support for the continuation of 
teacher empowerment projects such as the UMC effort. 

Darling-Hammond and Hudson (1987) report that collaborative, rather than isolated, teaching 
settings seem to increase teacher learning and commitment to teaching and this results in lower 
teacher absenteeism and turnover. Conversely, they stipulate that the absence of professional 
development opportunities contributes to teacher dissatisfaction and attrition. Since UMC 
Participants get more enjoyment out of teaching mathematics than Nonparticipants, the collaboratives 
may foster this feeling and are one method of curbing teacher burnout. 

One method of increasing teacher professionalism is to provide teachers the opportunity for 
professional dialogue with their teaching colleagues. This discourse leads teachers to accept new 
methods of teaching and, perhaps more importantly, to gain new enthusiasm for their profession and 
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respect for themselves as professionals (e.g.. Holly, 1983)* Participants in collaborative activities in 
the present study indicated that they are influenced by their peers who are teachers more than by 
their college and teacher education courses. Thus« UMC teachers seem to be attuned to observation 
and modeling of effective teaching techniques by their peers* This feeling has been documented in 
other teachers* Watts (1985), in studying the verbal and written reports and the results of surveys of 
nearly 300 teachers, reports that teachers not only learn from each other, but that this is their 
preferred mode of learning. Many of her participants felt that no one understands teachers except 
other teachers* 

A teacher not only knows or believes certain things, but applies such knowledge and beliefs 
in his or her work (Darling-Hammond Sl Hudson, 1987). Indeed, this statement seems to be reflected 
in the conceptions of UMC teachers. Differences in teachers' conceptions of mathematics 
corresponded to differences in the ways in which teachers rated various issues that pertain to their 
profession* Through an examination of teacher profiles of responses across the six conceptions of 
mathematics, four clusters of teachers, who were similar in the ways they viewed mathematics, 
emerged. Although conceptions of mathematics across clusters overlapped, they successfully 
described differences in the ways in which teachers viewed aspects of mathematics teaching, 
recommendations for change, mathematics education, and other aspects of schooling* This would 
suggest that the two types of knowledge perceived to be necessary for effective teaching--knowledge 
of what to teach and knowledge of how to teach (e.g*, Darling*Hammond & Hudson, in press)*- 
interrelate to substantially affect how recommendations for change arise in different situations. And 
since teachers' views were distributed across the several conceptions of mathematics differently by 
collaborative site, it would seem likely that these differences would be manifest in how different 
collaboratives effect change within their infrastructures. 

Results further suggest that documentation of the impact of collaboration on teachers* 
conceptions of their occupation necessitates a multitrait, multimethod approach* Collaboration is a 
complex interconnected process* It is peculiar to subject area, participation level, and collaborative 
site, and it is peculiar to the conceptions held by the participating individuals* Thus, assessing the 
impact of collaboration must address these individual differences. For example, in the present study, 
differences were found not only between participation level, but between collaboratives and within 
collaboratives* In addition, striking differences were found by examining the interaction between 
teachers* conceptions of mathematics and their geographic location. By looking at ''collaboratives'* in 
general, these differences would not have been discovered* Further, even if differences across 
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collaboratives were detected, the meaning assigned the differences between, say. New Orleans and 
Twin Cities teachers would have been difficult to establish. By looking at the individual differences 
within collaboratives, however, these patterns can be assigned meaning, and attention can be given 
to the specific characteristics and needs of ecch collaborative as a unit. 

As an integral part of the ongoing effort of documenting the UMC project, the results of this 
survey will be used in conjunction with both previously acquired demographic and attitudinal data 
(e.g., Romberg et al., 1988; Middleton et al., 1989) and future data collection to determine the effects 
of collaboration on teacher professionalism in a longitudinal manner, i.e., on the ways in which 
collaboration has reduced teacher isolation and fostered a sense of empowerment on the part of urban 
mathematics teachers. Of particular interest are the ways in which individual collaboratives have 
addressed the needs of teachers who embody differing conceptions of mathematics and the 
implications these influences may have on future collaboratives after the termination of the project. 

Preliminary results, of which this study on teacher conceptions is but a part, indicate that the 
Urban Mathematics Collaborative project has served to reduce teachers* feelings of isolation, increase 
teachers* sense of professionalism, and increase teachers* knowledge of their subject matter, as well 
as helped to curb teacher burnout and foster enthusiasm towards mathematics education. A statement 
provided by a teacher in Los Angeles describes this impact quite elegantly, "Working with the Urban 
Math Collaborative, which takes teachers' positions and views seriously, has helped keep me sane." 
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Appendix A 

Teachers' Conceptions of Mathematics and Mathematics Education Questionnaire 



Urban Mathematics Collaborative Documentation Project 
University of Wisconsin*-Madison 



Date 



(month) (day) (year) 



Teacher Survey III 



Please fill in today's date in the upper right hand corner of this booklet and your name, school, city 
and state in the spaces provided below. 



School 

City, State 

Mathematics Courses 
You Teach Currently 



Grade Level 



Please circle the letter which best describes your level of participation in your collaborative: 



A. Frequent 

B. Occasional 

C. Never 



This survey contains 68 :^tatements designed to gather information about your opinions regarding five 
areas of mathematics: 



I. Your Conceptions of Mathematic 

II. Your Conceptions of Mathematics Teaching 

IIL Your Conceptions of Recommended Changes in Mathematics Curriculum 

IV. Your Conceptions of Mathematics Education 

V, Your Conceptions of Schooling 



Please read each statement carefully* but do not spend too much time on any one item* Remember, 
there are no right or wrong answers. All responses will be strictly confidential. Only summary 
information will be shared. 



Name 



(first) 



(last) 



Thank you for your participation in completing this survey. 
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Conceptions of Mathematics 

The statements listed below portray a variety of viewpoints as to the nature of mathematics. Please 
rate each statement on a 5-point scale according to how strongly you agree that each statement reflects 
vour own concept of mathematics* (The number 5 indicates that you strongly agree with the 
statement and the number 1 indicates that you strongly disagree with the statement. A rating of 3 
indicates that you are undecided whether the statement reflects your concept of mathematics*) 

Agree Disagree 
Strongly Neutral Strongly 

1 . Mathematics is a process in which abstract ideas 

are applied to solve real- world problems* 5 4 3 2 1 

2. Mathematics is a language, wi^h its own 
precise meaning and grammar^ used to represent 

and communicate ideas* 5 4 3 2 1 

3. Mathematics is a collection of concepts 

and skills used to obtain answers to problems. 5 4 3 2 1 

4. Mathematics is thinking in a logical, 
scientific, inquisitive manner and is used to 

develop understanding* 5 4 3 2 1 

5. Mathematics is facts, skills, rules and concepts 
learned in some sequence and applied in work 

and future study. 5 4 3 2 1 

6. Mathematics is an interconnected logical 
system, is dynamic, and changes as new problem- 
solving situations arise. It is formed by 

thinking about actions and experiences. 5 4 3 2 1 

7. Please write in the spaces below the numbers of the 6 above statements, in the order that they 
reflect your belief of what mathematics is: 



Most Least 
Reflective Reflective 



Please feel free to comment on any important aspect, not mentioned above, that reflects vpur 
concept of mathematics. 
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Conceptions of Mathematics Teaching 

The following statements are sometimes cited as important goals for teaching mathematis in schools. 
Please rate each goal on the 5-point scale as to its importance to vour teaching of mathematics. (The 
number 5 indicates that the goal is very important to vour teaching* and the number 1 indicates that 
the goal is very unimportant to your teaching. The number 3 indicates that you are undecided as to 
the goaPs importance to your teaching.) 

Very Very 
Important Neutral Unimportant 

9. To enable students to master a hierarchy of 
concepts and skills and to use these in solving 

problems. 5 4 3 2 1 

10. To provide experiences for students to know 
mathematics as originating in real-world 
situations and to have the power of using a 
small set of symbols to represent and solve a 

wide range of problems. 5 4 3 ; 1 

11. To enable students to use mathematical 
procedures to solve problems and mathematical 
concepte to model both abstract and real-world 

situations. 5 4 3 2 1 

12. To provide students with complete understanding 
of the meaning(s) of mathematical concepts and 
enable them to communicate ideas using correct 

mathematical symbols, rules and reasoning. 5 4 3 2 1 

13. To prepare students for work and future study 
by having them master a sequence of facts, 

paper-and-pencil skills, rules and concepts. 5 4 3 2 1 

14. To enable students to use mathematics to explore 
situations in an inquisitive manner, and to offer 
and test hypotheses by logical reasoning, for the 
purpose of developii^ a more complete 

understanding of the situation. 5 4 3 2 1 

15. Please write in the spaces below the numbers of the 6 above statements, in the order that they 
reflect your belief of what the important goals for teaching mathematics are: 



Most Least 
Reflective Reflective 

16. Please feel free to comment on any important aspect, not mentioned above, that reflects vour 
concept of mathematics teaching. 
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Conceptions of Recommended Change 

Some recent recommendations for high school mathematics are listed below. Please read each 
recommendation and rate it in terms of its importance to ygyr mathematics curriculum. (The number 
5 indicates that the recommendation is very important to your curriculum and the number 1 indicates 
that the recommendation is very unimportant to your curriculum. A rating of 3 indicates that you 
are undecided as to the recommendatir i*s importance*) 



Very 
Important 



Neutral 



Very 
Unimportant 



17. Calculators and computers should be introduced 
into mathematics courses to enhance 
understanding and problem solving, and to take 
the drudgery out of computations. Presentation 
of topics needs to be revised based on fresh 
approaches possible with new technologies. 

18. Traditional high school mathematics courses 
need to be integrated and unified to show 
interrelationships across topics and 
applications. 

19. Alternative mathematics courses should be 
available for students who are planning noi to 
go to college or who are planning not to take 

a college major with high mathematics content. 

20. More emphasis should be given to simple 
mental computation, estimation and 
approximation, and less to practicing lengthy 
paper and pencil calculation. 

2L More topics and techniques from discrete 

mathematics, statistics and probability should 
be introduced into the high school curriculum. 

22. Mathematical modeling and problem-solving 
should be incorporated as a central feature 
in high school mathematics, and should be 
integrated into other parts of school 
curricula (such as science and social studies). 



23. Pre -service and in-service teacher education 
programs need to be developed that train 
teachers in individual and small-group teaching, 
the use of technology, and research. 

24. Schools must adopt differential staffing patterns 
and career ladders for mathematics teachers by 
appointing master teachers to develop, coordinate 
and supervise new programs. 
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Very Very 
Important Neutral Unimportant 

25. Mathematics teachers should be encouraged to 
become members of professional mathematical 
societies and to attend regional and national 

meetings. 5 4 3 2 1 

26. A core mathematics program should provide 
optional tracks and electives, and the 
opportunity for every student through Grade 

10 to prepare for college entry. 5 4 3 2 1 

27. A state- level prognostic test in mathematics 
should be administered to all students in Grade 9 
or 10 to determine if they are ready to pursue 
further math -related work or study, or if they 
are in need of remediation or course changes. 
Results of such tests would not be available for 
the purpose of college admission or to evaluate 

teachers. 5 4 3 2 1 

28. Increased funding should be made available for 
the development of improved, appropriate 
materials, diagnostic techniques and teaching 

strategies for remedial programs. 5 4 3 2 1 

29. Strong efforts must be made to increase the 
awareness of the importance of mathematics 
among all members of the community, especially 

among parents of school age children. 5 4 3 2 1 

30. A core mathematics program should be 
established which requires all students to study 

mathematics through Grade 11. 5 4 3 2 1 

31. Special efforts should be made to identify 
mathematically talented students, especially 
minorities and women, and to encourage them to 
pursue careers in mathematics, science and 

mathematics education. 5 4 3 2 1 

32. Parents should have the option of sending their 

children to the public school of their choice. 5 4 3 2 1 

33. Please feel free to comment on any important aspect, not mentioned above, that you would 
recommend as a change in your mathematics curriculum. 
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Conceptions of Mathematics Education 

Below are listed staatements pertaining to some issues and problems that mathematics teachers face 
with varying degrees of regularity. Please read each item carefully and rate it on the 5-point scale 
provided, to the extent that you agree with it. (On this scale, the number 5 indicates that you agree 
strongly with the item. The number 1 indicates that you disagree strongly . The number 3 indicates 
that your feelings are neutral towards the item.) 



34. Mathematics teachers* primary responsibility 
is keeping order, keeping students busy and 
productive in the classroom, and covering 
all the material. 



Agree 
Strongly 



Neutral 



Disagree 
Strongly 



35. Calculators and computers can facilitate the 
learning of mathematics. Hands-on experience 
with changing technology should be incorporated 
as an integral part of mathematics instruction. 

36. Special applications, real-world problems and 
extra-curricular activities must be tailored to 
the needs and abilities of each student to help 
them excel. 

37. Mathematics teachers must teach students to 
communicate using conventional mathematical 
signs, symbols and vocabulary. 

38. Mathematical analysis, interpretation and 
inquiry should be taught concurrently with 
the basic skills* Students must be taught 

to use mathematics to gain understanding 
of a variety of phenomena. 

39. Mathematics teachers have the responsibility to 
teach the requisite skills for subsequent 
courses. 

40. Mathematical skills and rules should not be 
taught in isolation. Mathematics needs to be 
discovered by students through applied 
problem-solving. 

41. Mathematics teachers sometimes have to sacrifice 
the broader aims of the course in order to spend 
more time bringing the entire class up to a 
minimum competency level. 

42. Mathematics teachers should demand strict 
adherence to methods and notations used in clasi\ 
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43. It is difficult to obtain objective evidence of 
student niathematics achievement. The process 
of learning mathematics is unique to the 
individual, and does not lend itself readily to 
standardized evaluation* 



Agree Disagree 
Strongly Neutral Strongly 



44. It is good for students to see mathematics 
teachers make mistakes. It helps them 
understand that making their own mistakes 

is part of the science of mathematical thinking. 5 4 3 2 

45. Mathematics is an enjoyable discipline. S 4 3 2 

46. Mathematics teachers have the responsibility 
to teach the requisite skills for future 

employment. 5 4 3 2 

47. The results of standardized tests greatly 
influence what mathematics is taught. 5 4 3 2 

48. All students should be required to pass a 
minimum competency test in mathematics to 

graduate from high school. 5 4 3 2 

49. The greatest influence on my teaching of 
mathematics was my high school mathematics 

teacher(s). 5 4 3 2 

50. The greatest influence on my teaching of 
mathematics was my coursework in college 

and/ or teacher education. 5 4 3 2 

51. The greatest influence on my teaching of 
mathematics has been my colleagues who are 

teachers. 5 4 3 2 

52. I enjoy teaching mathematics. 5 4 3 2 

53. Please feel free to comment on any important aspect, not mentioned above, that you would 
recommend as a change in your mathematics curriculum. 
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Conceptions of Schooling 

The following items are concerned with vour conceptions about the purpose, functions and goals of 
schools in our society. Please read each item carefully and rate it according to the priority yS31 would 
assign it as it relates to what you see as the overall purpose of schooling, (a 5 indicates that you would 
assign a very high priority to the item and a 1 indicates that you would assign a very low priority to 
the item. A rating of 3 indicates that you are undecided where you would assign the item,) 



54, Schools should provide an opportunity for 
children to pursue their own talents, 
interests and creative abilities. 



Very High Very Low 

Priority Neutral Priority 



55. School curricula should function to preserve the 
traditions of society and the stability of our 
social institutions* Schools should be accountable 
to their local community as to how they are 
achieving these aims, 

56. Schools should group students according to 
similar needs, interests and abilities, 
rather than according to age* 

57. A major role of schools is to transmit the 
knowledge and skills associated with different 
branches of learning. 

58. Schools must be innovative to ensure that we 
maintain a dynamic and expanding society, 

59. Schools must offset inequalities by providing 
special opportunities to disadvantaged students. 

60. Schools should be seen by students as places 
where they may find personal fulfillment, 

gain satisfaction from achieving their individual 
needs, and develop confidence in finding future 
direction, 

61. To make an easy transition from school to the 
work place, schools should be places where 
students develop proper work values and learn 
to adapt to large groups, and where rewards are 
seen as both immediate (grades) and future 
(promise of employment), 

62. Competition is an important component of 
schooling, both to motivate learning and as 
preparation for adult life. 
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Very High Very Low 

Priority Neutral Priority 

63. Schools must train students to learn and apply 
rules« follow instructions, absorb facts and 

memorize detail. 5 4 3 2 1 

64. Society must decide which years of a child*s 
life shall be spent in formal learning, teachers 
must be responsible for determining the 
appropriate time to allocate material], and 
students must learn to use their study time 

effectively. 5 4 3 2 1 

65. Schools exist to develop students* abilities 
to think, solve problems and make decisions 
by means of thorough training in academic 

disciplines* 5 4 3 2 1 

66. Schools must allocate resources <;qually among 
all students, regardless of social, ethnic or 

other personal background. 5 4 3 2 1 

67. Schools shouH be places that children feel are 
safe havens from the streets. Children must 
feel comfortable with teachers, administration 

and other students, 5 4 3 2 1 

68. Schools should be for students ' % want to 
learn and who are willing to w and not a 
social agency for attending to aii the needs 

of school-age children. 5 4 3 2 1 

69. Please feel free to comment on any important issue or problem, not mentioned above, that you 
feel pertains to the purpose, functions and goals of schools in our society. 
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Appendix B 
Statistical Analyses for the Total Sample 
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Table Bl 

TCMME Item Means and Standard Deviaiions for the Total Sample (N • 490) 

Item M SD 



Conceptions of Mathematics 

1 * Mathematics is a process in which abstract ideas are applied 

to solve real- world problems. 4A5f 0.916 

2* Mathematics is a language, with its own precise meaning and 

grammar, used to represent and communicate ideas 4.441 0.774 

3. Mathematics is a collection of concepts and skills used to 

obtain answers to problems. 4.052 0.988 

4. Mathematics is thinking in a logical, scientific, inquisitive 

manner and is used to develop understanding 4.5S4 0*705 

5. Mathematics is facts, skills, rules and concepts learned in 

some sequence and applied in work and future study. 3.921 1*068 

6. Mathematics is an interconnected logical system, is dynamic, 
and changes as new problem-solving situations arise* It is 

formed by thinking about actions and experiences. 4.218 0.948 

Conceptions of Mathematics Teaching* 

9. To enable students to master a hierarchy of concepts and 

skills and to use these in solving problems. 4.318 0 745 

10. To provide experiences for students to know mathematics as 
originating in real- world situations and to have the power 
of using a small set of symbols to represent and solve a wide 

range of problems. 4.353 0.702 

11. To enable students to use mathematical procedures to solve 
problems and mathematical concepts to model both abstract 

and real- world situations. 4,441 0*689 

12. To provide students with complete understanding of the 
meaning(s) of mathematical concepts and enable them to 
communicate ideas using correct mathematical symbols, rules 

and reasoning* 4.101 0.822 

*Mean$ could not be computed for Items 7 (rank order) and 8 (text answer)* 
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Table Bl (continued). 



TCMME Hem Means and Standard Deviations for the Total Sample (N ^ 490) 



Item Af SD 



13. To prepare students for work and future study by having 
them master a sequence of facts, paper*and*penci! skills, 

rules and concepts. 3.613 1.128 

14. To enable students to use mathematics to explore situations in 
an inquisitive manner, and to offer and test hypotheses by 
logical reasoning, for the purpose of developing a more 

complete understanding of the situation 4.463 0.70S 

Conceptions of Recommended Change"" 



17. Calculators and computers should be introduced into 
mathematics courses to enhance understanding and problem 
solving, and to take the drudgery out of computations. 
Presentation of topics needs to be revised based on fresh 

approaches possible with new technologies. 4.429 0.896 

18. Traditional high school mathematics courses need to be 
integrated and unified to show interrelationships across 

topics and applications* 4.192 0.928 

19. Alternative mathematics courses should be available for 
students who are planning n£tt to go to college or who are 
planning to take a college major with high mathematics 

content. 4.155 LOlO 

20* More emphasis should be given to simple mental computation, 
estimation and approximation, and less to practicing lengthy 

paper and pencil calculations. 4.010 0.986 

21. More topics and techniques from discrete mathematics, 
statistics and probability should be introduced into the high 

school curriculum. 3.864 0*91 1 

22. Mathematical modeling and problem^solving should be 
incorporated as a central feature in high school mathematics, 
and should be integrated into other parts of school curricula 

(such as science and social studies). 4J67 0J48 



•Means could not be computed for Items 15 (rank order) and 16 (text answer). 
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Table Bl (continued). 



TCMME /tern Mear^ and Standard Deviations for the Total Sample (N « 490) 



Item 




M 


SD 


23. 


Pre-service and in-service teacher education programs need 
to be developed that train teachers in individual and small- 
group teaching, the use of technology, and research. 


4.240 


0.952 


24. 


Schools must adopt differential staffing patterns and career 
ladders for mathematics teachers by appointing master teachers 
to develop, coordinate and supervise new programs. 


3.512 


1.177 


25. 
26. 


Mathematics teachers should be encouraged to become members 
of professional mathematical societies and to attend regional 
and national meetings. 

A core mathematics program should provide optional tracks 
and electives, and the opportunity for every student through 
Grade 10 to prepare for college entry. 


4.080 

4.175 


0.958 
0.855 


27. 


A state- level prognostic test in mathematics should be 
administered to all students in Grade 9 or 10 to determine .i 
they are ready to pureue further math-related work or study, 
or ii they are in need of remediation or course changes. 
Results of such tests would not be available for the purpose 
of college admission or to evaluate teachers. 


3.578 


1.276 


28. 


Increased funding should be made available for the 
development of improved, appropriate materials, diagnostic 
techniques and teaching strategies for remedial programs. 


4.080 


0.989 


29. 


Strong efforts must be made to increase the awareness of the 
importance of mathematics among all members of the 

COmmunitv. csoficiallv amono narentv nf «rhrv>l ao» fhilrlrpn 






30. 


A core mathematics program should be established which 
requires all students to study mathematics through Grade 1 1 . 


4.174 


0.975 


31. 


Special efforts should be made to identify mathematically 
talented students, especially minorities and women, and to 
encourage them to pursue careers in mathematics, science 
and mathematics education. 


4.427 


0.799 


32. 


Parents should have the option of sending their children to 
the public school of their choice. 


3.276 


1.315 
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Table Bl (continued), 

TCMME Item Means and Standard Deyiations for the Total Sample (N - 490) 

Item M SD 

Conceptions of Mathematics Education* 

34. Mathematics teachers* primary responsibility is keeping order, 
keeping students busy and productive in the classroom, and 

covering all the material. 2.300 1.260 

35. Calculators and computers can facilitate the learning of 
mathematics. Hands-on experience with changing technology 
should be incorporated as an integral part of mathematics 

instruction, 4.525 0.739 

36. Special applications, real-world problems and extra-curricula: 
activities must be tailored to the needs and abilities of each 

student to help them excel 4.081 0.863 

37. Mathematics teachers must teach students to communicate 
using conventional mathematical signs, symbols and 

vocabulary. 4,099 0,805 

38. Mathematical analysis, interpretation and inquiry should be 
taught concurrently with the basic skills. Students must be 
taught to use mathematics to gain understanding of a variety 

of phenomena. 4.333 0.762 

39. Mathematics teachers have the responsibility to teach the 

requisite skills for subsequent courses. 4.242 0.800 

40. Mathematical skills and rules should not be taught in isolation. 
Mathematics needs to be discovered by students through 

applied problem-solving. 4.211 0.883 

4 1 . Mathematics teachers sometimes have to sacrifice the broader 
aims of the course in order to spend more time bringing the 

entire class up to a minimum competency level 3*444 1.175 

42. Mathematics teachers should demand strict adherence to 

methods and notations used in clas«. 3,027 M20 

♦Mean could not be computed for Item 33 (text answer). 



^ 101 

ERIC 



Table Bl (continued). 

TCMME Item Means and Standard Deviations for the Total Sample (N » 490) 



Item M SD 

43. It is difficult to obtain objective evidence of student 
mathematics achievement. The process of learning 
mathematics is unique to the individual, and does not lend 

itself readily to standardized evaluation. 2.780 1.150 

44. It is good for students to see mathematics teachers make 
mistakes. It helps them understand that making their own 

mistakes is part of the science of mathematical thinking. 3.916 0.977 

45. Mathematics is an enjoyable discipline. 4.645 0.624 

46. Mathematics teachers have the responsibility to teach the 

requisite skills for future employment. 3.996 0.861 

47. The results of standardized tests greatly influence what 

mathematics is taught. 3.568 1.119 

48. All students should be required to pass a minimum 
competency test in mathematics to graduate from high 

school. 4.211 1.005 

49. The greatest influence on my teaching of mathematics was my 

h igh school mathematics teacher(s). 3.176 1 . 5 36 

50. The greatest influence on my teaching of mathematics was my 

coursework in college and/or teacher education. 2.756 1.358 

51. The greatest influence on my teaching of mathematics has 

been my colleagues who are teachers. 3.232 1.284 

52. I enjoy teaching mathematics. 4.811 0.442 
Conceptions of Schooling* 

54. Schools should provide an opportunity for children to pursue 

their own talents, interests and creative abilities. 4.207 0.838 



*Mean could not be computed for Item 53 (text answer). 
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Table Bl (continued). 



TCMME Item Means and Standard Deviations for the Total Sample (N ' 490) 



Item 




M 


SD 


55. 


School curricula should function to preserve the traditions of 
society and the stability of our social institutions. Schools 
should be accountable to their local community as to how they 
are achieving these aims. 


3.578 


0.983 


56. 


Schools should group students according to similar needs, 
interests and abilities, rather than according to age. 


3.641 


1.048 


57. 


A major role of schools is to transmit the knowledge and skills 
associated with different branches of learning. 


4.133 


0.817 


58. 


Schools must be innovative to ensure that we maintain a 
dynamic and expanding society. 


4.302 


0.785 


59. 


Schools must offset inequalities by providing special 
opportunities to disadvantaged students. 


3.943 


0.954 


60. 


Schools should be seen by students as places where they may 
find personal fulfillment, gain satisfaction from achieving 
their individual needs, and develop confidence in finding 
future direction. 


4.532 


0.634 


61. 


To make an easy transition from school to the work place, 
schools should be places where students develop proper work 
values and learn to adapt to large groups, and where rewards 
are seen as both immediate (grades) and future (promise of 
employment). 


4.265 


0.790 


62. 


Competition is an important component of schooling, both to 
motivate learning and as preparation for adult life. 


3.694 


1.061 


63. 


Schools must train students to learn and apply rules, follow 
instructions, absorb facts and memorize detail. 


3.422 


1.170 


64. 


Society must decide which years of a child's life shall be 
spent in formal learning, teachers must be responsible for 
determining the appropriate time to allocate materials, and 
students must learn to use their study time effectively. 


3.664 


0.998 
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Table Bl (continued). 

TCMME Item Means and Sttmdard Deviations for the Total Sample (N - 490) 

Item M SD 



65. Schools exist to develop students* abilities to think, solve 
problems and make decisions by means of thorough training in 

academic disciplines. 4.270 0.774 

66. Schools must allocate resources equally among all students, 

regardless of social* ethnic or other personal background. 3.932 1.255 

67. Schools should be places that children feel are safe havens 
from the streets. Children must feel comfortable with teachers, 

administration and other students. 4.5S3 0.710 

68. Schools should be for students who want to learn and who are 
willing to work, and not a social agency for attending to all 

the needs of school-age children. 3.733 1.260 
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Table B2. 



Percent of Teachers Recording Conceptions of Sfathematics as 'Most Reflective' and 'Least 
Reflective' of Their Own Conception, and Mean Rank of Conceptions for the Total Sample 



Item 




Most 
% 


Least 
% 


Mean 
Rank 


1. 


Mathematics is a process in which abstract ideas are applied 
to solve real-world problems. 


IS 


17 


3.45 


2. 


Mathematics is a language, with its own precise meaning and 
grammar, used to represent and communicate ideas. 


16 


14 


3.68 


3. 


Mathematics is a collection of concepts and skills used to 
obtain answers to problems. 


6 


19 


2.86* 


4. 


Mathematics is thinking in a logical, scientific, inquisitive 
manner and is used to develop understanding. 


27 


2 


4.55* 


5. 


Mathematics is facts, skills, rules and concepts learned in 
some sequence and applied in work and future study. 


8 


25 


2.85* 


6. 


Mathematics is an interconnected logical system, is dynamic, 
and changes as new problem-solving situations arise. It is 
formed by thinking about actions and experiences. 


28 


23 


3.60 



' p<.05 
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Table B3. 

Percent of Teachers Recording Conceptions of Mathematics Teaching as "Most Reflective" and "Least 
Reflective" of Their Own Conception, and Mean Rank of Conceptions for the Total Sample 

Most Least Mean 

Item % % Rank 



9. To enable students to master a hierarchy of concepts and 

skills and to use these in solving problems. 19 II 3.57 

10. To provide experiences for students to know mathematics as 
originating in real-world situations and to have the power 
of using a small set of symbols to represent and solve a wide 

range of problems. 15 8 3.89 

11. To enable students to use mathematical procedures to solve 
problems and mathematical concepts to model both abstract 

and real- world situations. IS 4 4.15* 

1 2. To provide students with complete understanding of the 
meaning(s) of mathematical concepts and enable them to 
commun cate ideas using correct mathematical symbols^ rules 

and reasoning. g 15 3.OS 

13. To prepare students for work and future study by having 
them master a sequence of facts, paper-and*pencil skills, 

rules and concepts. 7 49 2.26* 

14. To enable students to use mathematics to explore situations in 
an inquisitive manner, and to offer and test hypotheses by 
logical reasoning, for the purpose of developing a more 

complete understanding of the situation 33 13 4.08* 



p < .05 
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Appendix C 

Assessment of Teachers' Conceptions of Mathematics Using Cluster Analytic Techniques 

James A. Middleton 

The purpose of this paper is to familiarize the reader with the rationale for using cluster 
analytic techniques in studying teachers' conceptions of mathematics* Rather than focusing on the 
matrix algebra* or the formula for computing distance metrics, I attempt to present both a general 
outline of how cluster analysis is performed and, more importantly, why cluster analytic techniques 
are appropriate for uncovering teachers' conceptions* I will give general rationales that apply to most 
clustering methods, but I will also focus on one of the most popular methods in the behavioral 
sciences: Ward's method. 

Cluster analysis is a relatively new technique in the behavioral sciences that attempts to 
partition a heterogeneous set of objects (persons or variables) into a smaller number of relatively 
homogeneous subsets based on the ob'fcts' similarity across some measure(s) (Aldenderfer & 
Blashfield, 1984)* Clustering techniques are highly flexible and can be adapted for use in a variety 
of settings (Aldenderfer A Blashfield, 1984). For example, researchers have utilized cluster analysis 
to uncover groups of individuals based on the similarities in their ratings across several variables, to 
discover the relationships between variables within individuals or groups of individuals to determine 
the way in which individuals construct their knowledge, and as a test of the validity of a model of 
human thought. 

The procedure for clustering n objects on k variables is as follows (after Kachigan, 1986): 

1 . Each object is measured with respect to each variable and ordered in an ^ x matrix. 

2. Some measure of inter-object similarity is computed. This may be a Euclidean 
distance, a city-block metric, a correlation coefficient, or other measure of similarity. 
Deciding on the appropriateness of a metric depends largely on the type of research 
question to be answered or hypothesis to be tested. Euclidean distances and their 
derivatives are the most commonly used in the social sciences. They take into account 
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the relative similarity of each object to its neighbors without imposing linear structure 
on the cluster solution. 

Clusters of objects are formed based on their relative similarities. In hierarchical 
cluster analysis, two approaches to determining cluster membership a«*e used: Top 
down** and **bottom up**. In the top down approach, the total sample of objects is split 
into two mutually exclusive groups, and each group is then split into two more groups, 
and so on until each object sunds alone in its own group. The reverse operation, the 
bottom up approach, can be performed where each object stands alone, and is then 
added to the object to which it is mo.*; similar, and then these two objects are 
combined with another group of objects that are most similar, and so on until all 
groups have been combined into a single cluster consisting of the entire sample. 
Ward's method is a hierarchical algorithm that uses the **bottom up** approach. 

After clusters have been formed, the researcher must determine the appropriate 
number of clusters to include for interpretation. This is no easy task. An analysis 
involving n objects has cluster solutions ranging from 1 to n. The appropriate number 
of clusters to interpret depends upon the research question as well as the statistical 
properties of the clusters. One method of determining **$ignificant** clusters is 
analogous to the Scree test for factor analysis (Lathrop & Williams, 1987). The curve 
formed by plotting the fusion coefficient (distance between clusters) at each stage of 
combining object clusters, by the number of clusters formed (ranging from 1 to n), 
'^flattens** out asymptotically as the differences between clusters becomes negligible. 
By visually inspecting the curve and determining the point where it begins to flatten 
out, the researcher has a reliable index of the number of significant clusters. For 
Ward's method, the fusion coefficient minimizes the within-group error sum of 
squares. Thus, by inspecting the curve, the researcher can determine the point where 
the curve flattens out (i.e., where the within-group error starts to become negligible) 
and can use the corresponding number of clusters at that stage as an appropriate 
number for examination. 

Lastly, the researcher must examine the properties of the objects that make up each 
cluster in relation to the criterion variables in order to make **sense** out of the derived 
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clusters. This is the stage that is most susceptible to experimenter bias, for the 
researcher must place some meaning on the statistically-derived categories. 

To illustrate these steps, I will relate the study summarized in this volume. 

It was hypothesized that groups of urban mathematics teachers would organize their 
conceptions of mathematics differently due to differences in historical, environmental, and individual 
factors. Teachers were asked to rate each of six hypothesized conceptions of mathematics as to the 
extent that each reflected their own conceptions of mathematics. It was assumed that each subject 
rated the items based on how he or she constructed their representation of mathematics. 

Since each teacher's representation was hypothesized to be different, some kind of average 
needed to be constructed by the researcher in order to evaluate the group. Further, since each 
conception was unique, at least syntactically, a simple arithmetic average would not have been 
appropriate (as an analogy, think of the appropriateness of asking, "What is the average of 2 apples 
and 5 oranges?"). Thus, the Euclidean distance was computed between each subject in six- 
dimensional space (each dimension corresponding to a conception of mathematics). Teachers who 
responded most similarly across the six items correspondingly shared the smallest computed distance. 

After developing the measure of similarity. Ward's method of hierarchical clustering was 
chosen as an appropriate algorithm. Although there are many different clustering algorithms, their 
general function is to minimize the distances between objects within a cluster and, at the same time, 
maximize the distances between different clusters (in this instance, the geometric center of each 
cluster). In essence, algorithms numerically compare and order objects (teachers' patterns of responses 
in this example) such that they are highly similar to other members of their own cluster, but are 
highly different from members in other clusters across the criterion variables (Aldenderfer & 
Blashfield, 1984). Figure CI illustrates the relationship between clusters and within clusters in two 
dimensions. 
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Cluster 2 




Variable I 



Figure CI. Diagram illustrating a two-cluster solution for two variables. 
In reality, coordinates represent proximities in 
multidimensional space. 
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The flexibility afforded by clustering techniques is stated simply, You can cluster almost 
anything. Whereas factor analysis is concerned with categorizing a large group of variables into a 
number of groups of hypothetical variables (Kim 3l Mueller, 1978), cluster analysis can categorize 
individuals as well as variables (One method of clustering is to do "reverse" factor analysis in order 
to find groups of individuals). In addition, since most clustering algorithms are not iterative, cluster 
analysis can be performed on much smaller sets of data than factor analysis and still be relatively 
robust. Moreover, cluster analysis does not necessarily impose a linear structure on the data as does 
factor analysis. 

Care must be taken, however, when analyzing the results of clustering methods. Althcugh 
the rationale for using cluster analysis is to seek for structure in human thinking, the techniques 
themselves impose structure on the data (Aldenderfer & Blashfield, 1984). Further, different 
similarity metrics and different clustering algorithms may extract highly different solutions. 
Therefore, a priori predictions about the nature of criterion variables should be given wherever 
possible to prevent experimenter bias. 

In addition, because clustering algorithms create different groups of objects, i.e., clustering 
takes a single group and divides it based on values across some measure(s), testing of the hypothesis 
that cluster members represent different populations with respect to the criterion variables is 
inappropriate. For instance, imagine taking a population of objects, normally distributed about some 
mean value, and dividing it into two groups: one with values less than the mean, and one with values 
greater than or equal to the mean. If an F test were performed on the two groups, they would be 
found to be significantly different because of the disparity in their respective means. One would tend 
to conclude that the two groups came from different populations: a Type I error. However, validity 
of clusters may be established by examining group differences on variables that relate theoretically 
to the clustering criteria. 

The real power of cluster analyses in cognitive science is that they are so adaptable. They are 
exploratory in nature and are composed mainly at heuristics and rules of thumb that guide the 
researcher to uncover relationships among entities in a multivariate, and hence, more human fashion. 
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Analysis of TCMME Survey Responses by Extracted Cluster 
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Table Dl 

Percentage of Teachers Ranking the Proposed Six Conceptions of Mathematics as "Most Reflective" 
of Their Own Conception of Mathematics 





Cluster 1 


Cluster 2 


Cluster 3 


Plmter 4 


Total 

M, Vim 


Item Number 


% 


% 


% 


% 


% 


1 


14 


10 


18 


17 


15 


2 


11 


21 


6 


20 


16 


3 


14 


1 


5 


6 


6 


4 


36 


14 


41 


24 


27 


5 


17 


2 


10 


6 


8 


6 


8 


51 


21 


27 


28 


N 


72 


96 


101 


187 


456 


Table D2 












Percentage of Teachers Ranking the Proposed Six Conceptions of Mathematics as "Least Reflective 


of Their Own Conception 


of Mathematics 












Cluster 1 


Cluster 2 


Cluster 3 


Cluster 4 


Total 


Item Number 


% 


% 


% 


% 


% 


1 


31 


10 


19 


14 


17 


2 


17 


5 


22 


11 


13 


3 


4 


38 


16 


16 


19 


4 


0 


1 


1 


3 


2 


5 


1 


41 


9 


34 


25 


6 


47 


2 


28 


20 


22 


N 


72 


97 


105 


189 


463 
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Table D3 

Analysis of Variance: Item 9 by Cluster Membership 



Source 



Sum of 
Squares 



DF 



MS 



Between 

Within 

Total 



30.4175 
233.1864 
263.6029 



3 

472 
475 



10.139 
.494 



20.522 



.0000 



Table D4 



Scheffe Post-hoc Differences Between Extracted Clusters for Item 9 



Cluster 



Cluster 2 
Mean 



Cluster 3 
t 



Cluster 4 



1 
2 
3 
4 



4.29 
3.90 
4.66 
4.33 



3.37 



3.98 
7.28* 



0.49 

4.30* 

4.37* 



p < .05 



Table D5 



Analysis of Variance: Item 10 by Cluster Membership 



Source 



Sum of 
Squares 



DF 



MS 



Between 

Within 

Total 



6.989 
228.076 
235.065 



3 

471 
474 



2.329 
.484 



4.811 



.003 
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Table D6 



Scheffe Post-hoc Differences Between Extracted Clusters for Item JO 



Cluster 


Mean 


1 




/ 


/ 


1 

2 
3 
4 


4.164 
4.366 
4.537 
4.290 


1.64 




3.09* 
1.87 


1.11 

0.93 
3.16* 


*p < .05 












Table D7 












Analysis of Variance: Item 11 by Cluster Membership 








Source 


Sum of 
Squares 


DF 


MS 


F 


p 


Between 

Within 

Total 


6.036 
214.810 
220.846 


3 

470 
473 


2.012 
.457 


4.402 


.005 


Table D8 












Scheffe Post-hoc Differences Between Extracted Clusters for Item 11 




Cluster 


Mean 


Cluster 2 




Cluster 3 
t 


Cluster 4 
/ 


1 
2 
3 
4 


4.356 
4.280 
4.602 
4.466 


0.67 




2.40 
3.30* 


1.16 
2.06 
1.82 



'p < .05 
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Table D9 

Analysis r»/ Variance: Item 12 by Cluster Membership 



Source 



Sum of 
Squares 



DF 



MS 



Between 

Within 

Total 



19.959 
294.391 
314.350 



3 

471 
474 



6.653 
.625 



10.644 



.000 



Table DlO 

Scheffe Post-hoc Differences Between Extracted Clusters for Item 12 



Cluster 



Mean 



Cluster 2 



Cluster 3 
/ 



Cluster 4 



1 
2 
3 
4 



4.000 
3.812 
4.417 
4.109 



1.37 



3.51 
5.30' 



0.97 

2.75' 

3.68" 



p< .05 



Table Dll 



Analysis of Variance: Item 13 by Cluster Membership 



Source 



Sum of 
Squares 



DF 



MS 



Between 

Within 

Total 



113.056 
488.170 
601.226 



3 

470 
473 



37.685 
1.039 



36.283 



.0000 



117 



109 



Table DI2 

Scheffe Post-hoc Differences Between Extracted Clusters for Item 13 

Cluster 2 Cluster 3 Cluster 4 

Cluster Mean / t t 



1 3.658 5.04 3.78 0.14 

2 2.802 11.09* 6.67* 

3 4.269 5.58* 

4 3.635 



p < .05 



Table D13 

Friedman Analysis of Teachers' Conceptions of Mathematics Teaching by Cluster 

Mean Rank 



Item Number 


Cluster 1 


Cluster 2 


Cluster 3 


Cluster 4 


9 


3.74 


3.13 


3.74 


3.63 


10 


3.71 


4.40 


3.59 


3.84 


11 


4.09 


4.09 


3.99 


4.28 


12 


2.96 


2.92 


3.01 


3.13 


13 


2.83 


1.44 


2.89 


2.16 


14 


3.68 


5.02 


3.77 


3.96 



p < .05 within cluster. 



ERIC 



118 



110 

Table D14 

Analysis of Variance: Item 21 by Cluster Membership 



Source 



Sum of 
Squares 



DF 



MS 



Between 

Within 

Total 



18.936 
371.656 
390.591 



3 

468 

471 



6.312 
.794 



7.948 



.0000 



Table D15 



Scheffe Post-hoc Differences Between Extracted Clusters for Item 21 



Cluster 



Mean 



Cluster 2 
t 



Cluster 3 
t 



Cluster 4 



I 
2 

3 



3.500 
4.168 
3.860 
3.849 



5.03 



2.50 
2.60 



2.73 

3.22* 

0.10 



p < .05 



Table D16 



Analysis of Variance: Item 24 by Cluster Membership 



Source 



Sum of 
Squares 



DF 



MS 



Between 

Within 

Total 



17.545 
640.679 
658.224 



3 

469 
472 



5.848 
1.366 



4.281 



.005 



1J9 



Table D17 

Scheffe Post-hoc Differences Between Extracted Clusters for Item 24 



Cluster 2 Cluster 3 Cluster 4 

Cluster Mean / / / 



1 

2 
3 
4 


3.167 3.43 2.37 
3.772 1.01 
3.611 
3.438 


\.6A 
2.51 
1.18 


V < 05 






Table D18 






Analysis of Variance: Item 26 by Cluster Membership 




Source 


Sum of 

Squares DF MS F 


P 


Between 

Within 

Total 


12.279 3 4.093 5.757 
334.866 471 .711 
347.145 474 


.001 


Table D19 






Scheffe Post-hoc Differences Between Extracted Clusters for Item 26 




Cluster 


Cluster 2 Cluster 3 
Mean / / 


Cluster 4 
/ 


1 

2 
3 
4 


4.082 0.10 3.16* 
4.069 3.44* 
4.472 
4.177 


0.19 
0.32 
3.78* 



*p < .05 



120 



112 

Table D20 

Analysis of Variance: item 27 by Cluster Membership 



Source 



Sum of 
Squares 



DF 



MS 



Between 

Within 

Total 



17.756 
754.049 
771.805 



3 

472 
475 



5.919 
1.598 



3.705 



.012 



Table D21 

Scheffe Post -hoc Differences Between Extracted Clusters for Item 27 



Cluster 



Mean 



Cluster 2 



Cluster 3 
/ 



Cluster 4 
/ 



1 
2 
3 
4 



3.521 
3.347 
3.908 
3.544 



0.87 



1.98 
3.23' 



0.13 
1.28 
2.43 



p < .05 



Table D22 



Analysis of Variance: Item 29 by Cluster Membership 



Source 



Sum of 
Squares 



DF 



M£ 



Between 

Within 

Total 



7.177 
259.733 
266.910 



3 

473 
476 



2.392 
.549 



4.356 



.005 



p< .05 



113 



Table D23 

Scheffe Post-hoc Differences Between Extracted Clusters for Item 29 



Cluster 



Mean 



Cluster 2 



Cluster 3 
/ 



Cluster 4 



1 
2 
3 
4 



4.356 
4.287 
4.624 
4.361 



0.55 



2.38 
3.34' 



0.04 
0.75 
3.37' 



p< .05 



Table D24 



Analysis of Variance: Item 30 by Cluster Membership 



Source 



Sum of 
Squares 



DF 



MS 



Between 

Within 

Total 



16.107 
436.297 
452.405 



3 

468 
471 



5.369 
.932 



5.759 



.001 



Table D25 

Scheffe Post-hoc Differences Between Extracted Clusters for Item 30 



Cluster 



Mean 



Cluster 2 



Cluster 3 



Cluster 4 
t 



1 
2 
3 
4 



4.343 
3.929 
4.430 
4.098 



2.54 



0.62 
3.53* 



1.85 
1.27 
3.15* 



p < .05 



ERIC 



122 



114 

Table D26 

Analysis of Variance: Item 35 by Cluster Membership 



Source 



Sum of 
Squares 



DF 



MS 



Between 

Within 

Total 



6.407 
253.837 
260.245 



3 

470 
473 



2.136 
0.540 



3.955 



.008 



Table D27 

Scheffe Post-hoc Differences Between Extracted Clusters for Item 35 



Cluster 



Mean 



Cluster 2 



Cluster 3 



Cluster 4 
t 



I 
2 
3 
4 



4.315 
4.700 
4.491 
4.529 



3.43 



1.38 
2.02 



1.99 
2.23 
0.39 



p < .05 



Table D28 



Analysis of Variance: Item 37 by Cluster Membership 



Source 



Sum of 
Squares 



DF 



MS 



Between 

Within 

Total 



19.594 
284.319 
303.913 



3 

468 

471 



6.531 
0.608 



10.751 



.0000 



IIS 

Table D29 



Scheffe Post-hoc Differences Between Extracted Clusters for Item 37 



Cluster 


Mean 


Cluster 2 

t 




Cluster 3 
/ 


/ 


1 

2 
3 
4 


4.032 
3.820 
4.430 
4.078 


1.95 




3.04* 
5.34* 


0.04 
2.38 
4.25 


*p < .05 












Table D30 












Analyse: of Variance: Item 39 by Cluster Membership 








Source 


Sum of 
Squares 


DF 


MS 


F 


P 


Between 

Within 

Total 


11.919 
293.297 
305.216 


3 

472 
475 


3.973 
0.621 


6.394 


.0003 


Table D31 












Scheffe Post -hoc Differences Between Extracted Clusters for Item 39 




Cluster 


Mean 


Cluster 2 
/ 




Cluster 3 
1 


Cluster 4 
/ 


1 
2 
3 
4 


4.206 
4.040 
4.505 
4.212 


1.30 




2.50 
4.29* 


0.06 
1.72 
3.27' 



'p < .05 



124 

ERIC 



116 

Table D32 



Analysis of Variance: Item 40 by Cluster Membership 



Source 


Sum of 
Squares 


DF 


MS 


F 


P 


Between 

Within 
Total 


7.561 
360.536 
368.097 


3 
471 
474 


2.520 
0.765 


3.293 


.021 


Table D33 












Scheffe Post-hoc Differences Between Extracted Clusters for 


Item 40 




Cluster 


Mean 


Cluster 2 
/ 






v^lUSlci H 

/ 


1 
2 
3 
4 


3.959 
4.300 
4.349 
4.192 


2.39 




2.68* 
0.43 


1.73 
1.08 
1.51 


V < .05 












Table D34 












Analysis of Variance: Item 41 by Cluster Membe ship 








Source 


Sum of 
Squares 


DF 


MS 


F 


P 


Between 

Within 

Total 


17.036 
635.304 
652.340 


3 

470 
473 


5.679 
1.352 


4.201 


.006 
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Table D3S 



Scheffe Post-hoc Differences Between Extracted Clusters for Item 41 



Cluster 


Mean 


t 




t 


t 


1 
2 
3 
4 


3.425 
3.080 
3.596 
3.526 


1.82 




0.96 
3.13' 


0.62 

3.01' 

0.52 


V < .05 












Table D36 












Analysis of Variance: Item 42 by Cluster Membership 








Source 


Sum of 
Squares 


DF 


MS 


F 


P 


Between 

Within 

Total 


27.310 
563.587 
590.897 


3 

470 
473 


9.103 
1.199 


1.592 


.000 


Table D37 












Scheffe Post-hoc Differences Between Extracted Clusters for Item 42 




Cluster 


Mean 


Cluster 2 
/ 




Cluster 3 


Cluster 4 


1 

2 
3 
4 


3.181 
2.620 
3.312 
3.015 


3.16* 




0.77 
4.41* 


1.24 
2.69 
2.48 



V < .05 



ERIC 



126 



118 

Table D38 

Analysis of Variance: Item 46 by Cluster Membership 

Sum of 

Source Squares DF MS F p 



Between 9.798 3 3.266 4.443 .004 

Within 346.194 471 0.735 

Total 355.992 474 



Table D39 

Scheffe Post-hoc Differences Between Extracted Clusters for Hem 46 



Cluster 



Mean 



Cluster 2 
t 



Cluster 3 



Cluster 4 



1 
2 
3 
4 



3.904 
3.870 
4.259 
3.969 



0.23 



2.48 
3.42* 



0.48 
0.97 
2.98' 



p < .05 



Table D40 



Analysis of Variance: Item 48 by Cluster Membership 



Source 



Sum of 
Squares 



DF 



MS 



Between 

Within 

Total 



16.410 
463.477 
479.887 



3 

473 
476 



5.470 
0.980 



5.582 



.001 



127 



119 



Table D41 



Scheffe Post-hoc Differences Between Extracted Clusters for Item 48 



Cluster 


Mean 


Cluster 2 
t 




Cluster 3 
/ 


Cluster 4 

/ 


1 
2 
3 
4 


4.306 
3.990 
4.514 
4.144 


1.85 




1.36 
3.79* 


1.11 

1.18 
3.48 


'p < .05 












Table D42 












Analysis of Variance: Item 55 by Cluster Membership 








Source 


Sum of 
Squares 


DF 


MS 


F 


P 


Between 

Within 

Total 


10.488 
448.434 
458.921 


3 

467 
470 


3.496 
0.960 


3.641 


.013 


Table D43 












Scheffe Post-hoc Differences Between Extracted Clusters for Item 55 




Cluster 


Mean 


Cluster 2 
/ 




Cluster 3 
/ 


Cluster 4 
/ 


1 
2 
3 
4 


3.425 
3.410 
3.813 
3.578 


0.09 




2.58 
2.79' 


1.25 
1.43 
1.92 



*p < .05 



128 

ERIC 



120 

Table D44 

Analysis of Variance: Item 57 by Cluster Membership 



Source 



Sum of 
Squares 



DF 



MS 



Between 

Within 

Total 



12.563 
294.907 
307.469 



3 

467 
470 



4.188 
0 632 



6.631 



.000 



Table D45 



Scheffe Post-hoc Differences Between Extracted Clusters for Item 57 



Cluster 



Mean 



Cluster 2 

t 



Cluster 3 



Cluster 4 



1 
2 
3 
4 



4.178 
3.930 
4.410 
4.093 



1.91 



2.06 
4.16' 



0.80 
1.50 
3.61' 



p < .05 



Table D46 



Analysis of Variance: Item 61 by Cluster Membership 



Source 



Sum of 
Squares 



DF 



MS 



Between 

Within 

Total 



11.843 
276.503 
288.346 



3 

470 
473 



3.948 
0.8S0 



6.710 



.000 



ERIC 



129 



Table D47 

Scheffe Post-hoc Differences Between Extracted Clusters for Item 61 



Cluster 2 Cluster 3 Cluster 4 

Cluster Mean / t t 



1 

2 
3 
4 


4.315 2.14 1.75 
4.050 4.00* 
4.519 
4.238 


0.77 
1.86 
3.05' 


*p < .05 






Table D48 






Analysis of Variance: Item 62 by Cluster Membership 




Source 


Sum of 

Squares DF MS F 


P 


Between 

Within 

Total 


46.079 3 '5.360 14.927 
484.658 471 1.029 
530.737 474 


.000 


Table D^'^ 






Scheffe Post-hoc Differences Between Extracted Clusters for Item 62 




Cluster 


Cluster 2 Cluster 3 
Mean / / 


Cluster 4 


1 
2 
3 
4 


4.069 5.50* 0.22 
3.230 5.69* 
4.037 
3.603 


3.55' 
2.84* 
3.66* 



V < .05 



130 



122 

Table DSO 

Analysis of Variance: Item 63 by Cluster Membership 



Source 



Between 

Within 

Total 



Sum of 
Squares 



80.976 
552.532 
633.507 



DF 



MS 



3 

467 
470 



26.992 
1.183 



22.814 



.000 



Table D51 

Scheffe Post-hoc Differences Between Extracted Clusters for Item 63 



Cluster 



Mean 



Cluster 2 



Cluster 3 



Cluster 4 
/ 



I 
2 
3 
4 



3.681 
2.750 
3.962 
3.399 



5.08 



1.67 
8.17' 



1.75 

4.63' 

4.69' 



p<.05 



Table D52 



Analysis of Variance: Item 64 by Cluster Membership 



Source 



Sum of 
Squares 



DF 



MS 



Between 17.060 3 5.687 5.996 .001 

Within 442.932 467 0.949 

Total 459.992 470 



123 



Table D53 

Schejfe Post-hoc Differences Between Extracted Clusters for Item 64 



Cluster 



Mean 



Cluster 2 



Cluster 3 



Cluster 4 



1 

2 
3 
4 



3.616 
3.396 
3.963 
3.672 



1.33 



2.37 
3.99' 



0.41 
2.09 
2.73 



p < .05 



Table D54 



Analysis of Variance: Item 65 by Cluster Membership 



Source 



Sum of 
Squares 



DF 



MS 



Between 

Within 

Total 



9.039 
273.757 
282.795 



3 

470 
473 



3.013 
0.583 



5.173 



.002 



Table D55 

Scheffe Post-hoc Differences Between Extracted Clusters for Item 65 



Cluster 



Mean 



Cluster 2 



Cluster 3 
t 



Cluster 4 

/ 



1 
2 
3 
4 



4.370 
4.050 
4.449 
4.264 



2.47 



0.72 
3.57" 



1.01 
2.02 
2.27 



p < .05 



ERIC 



132 



124 

Table D56 

Analysis of Variance: Item 66 by Cluster Membership 



Sum Ot 

Source Squares DF MS F p 



Between 21.327 3 7.109 4.697 .003 

Within 714.360 472 1.514 

Total 735.687 475 



Table D57 

Scheffe Post-hoc Differences Between Extracted Clusters for Item 66 



Cluster 2 Cluster 3 Cluster 4 

Cluster Mean / / / 



1 4.055 0.88 1.35 1.84 

2 3.890 2.42 0.89 

3 4.287 3.87* 

4 3.749 



V < .05 
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Table El 

Analysis of Variance: Item 5 by Collaborative Participation Level 



Sum of 

Source Squares DF MS 



Between 7.824 2 3.912 3.431 .03 

Within 527.912 463 1.140 

Total 535.736 465 



Table E2 

Scheffe Post-hoc Differences by Collaboraiive Participation Level for Item 5 



Participation Occasional Never 

Level Mean t t 



Frequent 3.917 0.77 1.98^ 

Occasional 3.995 2.33* 
Never 3.500 



p< .05 

Note: /-value for Frequent vs. Never contrast «■ .054 



Table E3 

Analysis of Variance: Item 14 by Collaboraiive Participation Level 



Sum of 

Source Squares DF MS 



Between 4.793 2 2.396 4.83 .008 

Within 232.231 468 .495 

Total 237.023 470 



135 



128 

Tabl^ E4 

Scheffe Post- hoc Differences by Collaborative Participation Level for Item 14 



Participation 
Level 



Mean 



Occasional 



Never 



Frequent 

Occasional 

Never 



4.56 
4.35 
4.41 



3.06 



1.25 
0.05 



p< .05 



Table E5 



Analysis of Variance: Item 17 by Collaborative Participation Level 



Source 



Sum of 
Squares 



DF 



MS 



Between 

Within 

Total 



8.240 
362.362 
370.601 



2 
471 
473 



4.120 
.769 



5.355 



.005 



Table E6 

Scheffe Post-hoc Differences by Collaborative Participation Level for Item 17 



Participation 
Level 



Mean 



Occasional 



Never 
/ 



Frequent 

Occasional 

Never 



4.569 
4.325 
4.231 



2.89 



2.08 
0.57 



p< .05 



129 



Table E7 



Analysis of Variance: Item 20 by Collaborative Participation Leyel 



Source 


Sum of 
Squares 


DF MS F 


P 


Between 

Within 

Total 


12.750 
443.242 
455.992 


2 6.375 6.717 
467 .949 
469 


.001 


Table E8 








Scheffe Post-hoc Differences by Collaboratiri. Participation Level for Item 20 




Participation 

Level Mean 


Occasional Never 
t t 




Frequent 

Occasional 

Never 


4.170 
3.865 
3.750 


3.24* 2.32* 

0.62 




'p < .05 








Table E9 








Analysis of Variance: 


Item 21 by Collaborative Participation Level 




Source 


Sum of 
Squares 


DF MS F 


P 


Between 

Within 

Total 


8.474 
386.064 
394.537 


2 4.237 5.114 
466 .829 
468 


.006 
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ERIC 
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Table ElO 

Scheffe Post-hoc Differences by Collaborative Participation Level for Item 21 



Participation 
Level 



Mean 



Occasional 



Never 
/ 



Frequent 

Occasional 

Never 



4.000 
3.720 
3.821 



3.15' 
0.66 



1.21 



p < .05 



Table Ell 



Analysis of Variance: Item 22 by Collaborative Participation Level 



Source 



Sum of 
Squares 



DF 



MS 



Between 

Within 

Total 



4.341 
259.500 
263.840 



2 

467 
469 



2.170 
.556 



3.906 



.021 



Table E12 

Scheffe Post-hoc Differences by Collaborative Participation Level for Item 22 



Participation Occasional Never 

Level Mean / / 



Frequent 4.435 1.08 2.51' 

Occasional 4.358 1.95 

Never 4.077 

*p < .05 



Table £13 

Analysis of Variance: Item 23 by Collaborative Participation Level 

Sum of 

Source Squares DF MS 



Between 9.566 2 4.783 5.407 .005 

Within 412.209 466 .885 

Total 421.774 468 



Table E14 

Sche/fe Post-hoc Differences by Collaborative Participation Level for Item 23 



Participation Occasional Never 

Level Mean / / 



Frequent 4.377 2.63* 2.26* 

Occasional 4.140 1.00 
Never 3.947 



p < .05 
Table El 5 

Analysis of Variance: Item 24 by Collaborative Participation Level 



Sum of 

Source Squares DF MS 



Between 10.917 2 5.454 4.038 .018 

Within 630.000 466 1.352 

Total 640.917 468 



139 
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Table E16 

Scheffe Post-hoc Differences by Collaborative Participation Level for Item 24 



Participation Occasional Never 

Level Mean / / 



Frequent 3.639 1.40 2.77* 

Occasional 3.483 2.00 
Never 3.079 



V < .05 



Table E17 

Analysis of Variance: Item 25 by Collaborative Participation Level 



Sum of 

Source Squares DF MS F p 



Between 36.461 2 18.231 22.048 .000 

Within 387.801 469 .827 

Total 424.263 471 



Table E18 

Scheffe Post-hoc Differences by Collaborative Participation Level for Item 25 



Participation Occasional Never 

Level Mean / / 



Frequent 4.351 5.09* 5.02* 

Occasional 3.906 2.36* 
Never 3.500 



*p < .05 



MO 



Table E19 

Analysis of Variance: Item 34 by Collaborative Participation Level 



Source 



Sum of 
Squares 



DF 



MS 



Between 

Within 

Total 



15.360 
731.383 
746.743 



2 

468 
470 



7.680 
1.563 



4.914 



.008 



Table £20 

Scheffe Post-hoc Differences by Collaborative Participation Level for Item 34 



Participation 
Level 



Mean 



Occasional 



Never 
/ 



Frequent 

Occasional 
Never 



2.151 
2.520 
2.180 



3.02 



0.14 
1.50 



p< .05 



Table E2I 



Analysis of Variance: Item 52 by Collaborative Participation Level 



Source 



Sum of 
Squares 



DF 



MS 



Between 

Within 

Total 



1.625 
92.804 
94.430 



2 

472 
474 



.813 
.197 



4.132 



.017 



141 
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Table E22 

Scheffe Post- hoc Differences by Collaborative Participation Level for Item 52 



Participation Occasional Never 

Level Mean { / 



Frequent 4.862 1.41 2.39 

Occasional 4.803 1 .70 

Never 4.650 



Table E23 

Analysis of Variance: Item 58 by Collaborative Participation Level 



Sum of 

Source Squares DF MS 



Between 5.738 2 2.869 4.686 .010 

Within 287.142 469 .612 

Total 292.879 471 



Table E24 

Scheffe Post- hoc Differences by ColleAorative Participation Level for Item 58 



Participation Occasional Never 

Level Mean t t 



Frequent 4.409 3,04* 0.97 

Occasional 4.178 0.68 

Never 4.275 

'p < .05 



142 
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Table E25 

\fean Ranks of Hems 49, 50. and 51 by Collaborative Participation Level 



Participation Level 


49 


Item Number 
50 


51 


Frequent 


2.10 


1.75 


2.15 


Occasional 


2.15 


1.82 


2.04 


Never 


2.00 


1.96 


2.04 



ERIC 
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Table Fl 



Analysis of Variance: Item 5 by Collaboratiye 


Source 


Sum of 
Squares 


DF 


MS F 


P 


Between 

Within 

Total 


50.381 
496.617 
546.998 


10 
470 
480 


5.038 4.768 
1.057 


.000 


Table F2 










Scheffe Post-hoc Differences by Collaborative for Item 5* 




Collaborative 


Mean 


San Francisco 
/ 


Twin Cities 
/ 




New Orleans 
San Francisco 
Twin Cities 


4.522 
3.324 
3.442 


5.090 


5.589 




'Note: Only significant (p < .05) post hoc /-values are reported 




Table F3 










Analysis of Variance: Item 17 by Collaborative 






Source 


Sum of 
Squares 


DF 


MS F 


p 


Between 

Within 

Total 


29.420 
362.396 
391.816 


10 
478 
488 


2.942 3.880 
0.758 


.000 
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ERIC 
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Table F4 

Scheffe Post-hoc Differences by Collaborative for Item 17 



San Diego Twin Cities 

Collaborative Mean / / 



New Orleans 3.783 4.512 3.879 

San Diego 4.781 



Twin Cities 4.667 



Table F5 

Analysis of Variance: Item 25 by Collaborative 



Sum of 

Source Squares DF MS 



Between 45.255 10 4.526 5.377 .000 

Within 400.621 476 0.842 

Total 445.877 486 



Table F6 

Scheffe Post-hoc Differences by Collaborative for Item 25 



Cleveland Philadelphia Twin Cities 

Collaborative Mean / / t 



Pittsburgh 3.485 5.341 5.353 5.154 

Cleveland 4.429 

Philadelphia 4.383 

Twin Cities 4.352 
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Analysis of Variance: Item 27 by Collaborative 
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Source 



Sum of 
Squares 



DF 



MS 



Between 

Within 

Total 



82.195 
710.846 
793.041 



10 
477 
487 



8.220 
1.490 



5.156 



.000 



Table F8 

Scheffe Post-hoc Differences by Collaborative for Item 27 



Collaborative 



Mean 



San Diego 
t 



Twin Cities 



New Orleans 4.413 

Pittsburgh 3.779 

San Diego 2.625 

Twin Cities 3.170 



6.275 
3.897 



6.070 



Table F9 



Analysis of Variance: Item 35 by Collaborative 



Source 



Sum of 
Squares 



DF 



MS 



Between 

Within 

Total 



22.986 
242.218 
265.204 



10 
475 
485 



2.299 
0.510 



4.508 



.000 
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Table FIO 

Scheffe Post-hoc Differences by Collaborative for Item 35 



New Orleans 

Collaborative Mean t 



New Orleans 3.978 

Durham 4.643 3.502 

Philadelphia 4.723 3.894 

San Diego 4.719 3.571 

San Francisco 4.686 3.608 

Twin Cities 4.698 3.760 



Table Fll 

Analysis of Variance: Item 41 by Collaborative 



Sum of 

Source Squares DF MS 



Between 47.149 10 4.715 3.596 .000 

Within 622.851 475 1.311 

Total 670.000 485 
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Table F12 

Sche/fe Post -hoc Differences by Collaborative for Item 41 



San Diego San Francisco 

Collaborative Mean t t 



New Orleans 4.022 4.322 4.487 

San Diego 2.844 
San Francisco 2.882 



Table F13 



Analysis of Variance: Item 49 by Collaborative 



Source 


Sum of 
Squares 


DF 


MS 


F 


P 


Between 

Within 

Total 


101.617 
1047.227 
1148.844 


10 
477 
487 


10.162 
2.195 


4.629 


.000 


Table F14 












Scheffe Post-hoc Differences by Collaborative for Item 49 






Collaboraiive 


Mean 


San Diego 
t 




San Francisco 
t 




New Orleans 
Memphis 
San Diego 
San Francisco 


3.761 
3,634 
2,063 
2.314 


5.357 
4.950 




4.374 
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Table FIS 



Analysis of Variance: Item 62 by Collaborative 



Source 


Sum of 
SQuares 


DF 


MS 


F 


p 

r 


Between 

Within 

Total 


63.536 
483.877 
547.413 


10 
476 
486 


6.354 
1.017 


6.250 


.000 


Table F16 












Scheffe Post-hoc Differences by Collaboraiive for Item 62 






Collaborative 


Mean 


San Francisco 
t 




Twin Cities 
t 




New Orleans 
Memphis 
San Francisco 
Twin Cities 


4.283 
4.163 
3.057 
3.093 


4.798 
4.615 




5.466 
5.382 





Table F17 

Analysis of Variance: Item 63 by Collaborative 



Sum of 

Source Squares DF MS f p 



Between 53.884 10 5.388 4.197 .000 

Within 605.955 472 1.284 

Total 659.839 482 
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Table F18 



Scheffi Post-hoc Differences by Collaborative for Item 63 









1 win Cities 




Collaborative 


Mean 




t 




New Orleans 


4.023 




4.964 




Twin Cities 


2.926 








Table F19 










Percent of Teachers 


in Each of the Four Conceptions of Mathematics by Collaborative 




Cluster 


Cluster 


Cluster 


Cluster 


Collaborative 


\ 


2 


3 


4 


Cleveland 


14 


23 


29 


34 


Durham 


18 


23 


18 


43 


Los Angeles 


14 


26 


14 


49 


Memphis 


14 


12 


23 


51 


New Orleans 


22 


2 


40 


36 


Philadelphia 


21 


26 


21 


32 


Pittsburgh 


12 


14 


31 


43 


St. Louis 


18 


14 


23 


45 


San Diego 


38 


16 


19 


28 


San Francisco 


12 


41 


12 


35 


Twin Cities 


2 


35 


19 


44 


Total 


15 


21 


23 


41 
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Responses to the Diary Of Professional Relationships 
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Tabled 

Teacher Responses to the Diary of Professional Relationships 



149 



What do you think mathematics is? 

Cleveland 

Calculations and geometric figures. 
A logical process of problem solving. 

Study of logic and a symbolic language which all life*s problems can be solved with. 

Mathematics is the science of solving problems that exist or will exist in the world. It consists 
of all techniques and algorithms that are used to solve these problems. 

A language for problem solving. 

Los Angeles 

Ability to translate real world events into abstract expressions. 
A means to explain how the world around us works. 

Mathematics is a process of abstract thinking used in a logical way to communicate ideas and 
to solve problems. 

\ systematic way of looking at the world. 

Manipulation of numbers, forms and shapes. Creative ideas, manipulation. 
Memphis 

The study of the axiomatic method, deductive reasoning, logic and the study of rules to 
understand this axiomatic method. 

Exact science; more than adding, subtracting, multiplying and dividing; critical thinking and 
reasoning* 

The science that is the working tool of all other sciences. 

Science of patterns, critical reasoning, change. Tool for physical sciences and engineering. 
Science of numbers. 
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Table Gl (continued) 

Teacher Responses to the Diary of Professional Relationships 



What do you think mathematics is? 



New Orleans 

Mathematics is the relationship of forms and figures and the relationship between quantities 
and symbols. 

Mathematics is the study of numbers and number systems and how they relate, interact and 
apply to other areas and to real life situations. This study includes thinking skills, problem 
solving for everyday living as well as for other areas of science, and basic manipulative skills 
with the various number systems* 

The science in which known relations between magnitude are subject to certain processes that 
enable other relations to be deduced. 

Philadelphia 

The study of how numbers are used in the universe. 
Geometry is mathematics and mathematics is a way of life! 

Mathematics is problem-solving— ^the application of certain concepts to specific situations in 
order to discover properties and/or answer questions. 

Mathematics :s a study of science. It helps us to think logically. It also helps us to understand 
abstract ideas and apply them to real- world situations. 

It is the study of relationships of numbers. It is learning what we can do with numbers. It 
is problem solving. It is learning to manipulate numbers. 

Pittsburgh 

Logical thinking, reasoning, and problem solving through the use of the basic skills. 

Not arithmetic. A systematic method of dealing with problems using arithmetic and/or logical 
thinking. 

Mathematics is the study of number concepts and its uses and application to work and living. 

I see math as the study of relationships, between numbers and the application of the 
relationship to solve problems* (Traditional definition!) 

St. Louis 

The study of numbers and their relationships and properties. 
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Table Gl (continued) 

Teacher Responses to the Diary of Professional Relationships 
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What do you think mathematics is? 
St, Louis 

The science of quantities and magnitudes and the relation between them, and the methods by 
which knowns can be found from the unknown. 

The logical organization of postulate , theorems, and definitions and the use of these ideas to 
solve problems. 

The body of information which allows critical thinking, reasoning, and problem solving, 
through algebra, geometry, and higher math; utilizing one's own mind and other technological 
tools. 

The science of numbers. 
San Diego 

Study of patterns, logic, how it relates to numbers, geometry, shapes. 
Hard question. It*s probably to learn some skills to solve some problems. 
Abstract tool to deal with the world around us. 

The study of concept of numbers. Manipulation of symbols that represent numbers. 
Logical, orderly, symbolic logic. 
San Francisco 

The language of science. Something to enjoy. 

A process, a language-* the language of science. 

It's a language, a way to communicate about the world around us. 

I think it*s partly a way to communicate about science, but I think it*s also a science in itself, 
with an intrinsic beauty and value that reflects how our minds make sense out of the world. 

It*s the study of patterns. Patterns in nature and a way to communicate about them. 
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Table Gl (continued) 

Teacher Responses to the Diary of Professional Relationships 



What do you think mathematics is? 



Twin Cities 



Mathematics is an ever-used skill that permeates our lives. To make that first cup of coffee 
we measure; we estimate travel time and time for projects; we add, subtract divide, and 
multiply and mix our way through the day; till we estimate whether we will get enough sleep 
to t>e alert tomorrow* 

Mathematics is the science of patterns-*L. A. Steen (Science 29 April, 1988). Mathematics 
is the study of all possible patterns. W. W. Sawyer. 
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Table G2 

Teacher Responses to the Diary of Professional Relationships 



How has the collaborailve affected your conception of what mathematics is': 



Cleveland 

It has not affected my conception. 
More practical applications available. 

Broadened my knowledge and scope of what mathematics is and it has influenced my 
approach to problem solving. 

The collaborative has presented many problems that are not traditional or found in our math 
texts, and has developed ways to solve these problems. 

The ability to communicate with other teachers, discuss and exchange ideas has given me a 
clearer outlook on using mathematics to teach problem solving. 

Los Angeles 

Broadened the scope of math applications. 

I have a deeper understanding of how it relates to the world. 

It has made me extend my conception beyond my narrower views. 

Hasn*t changed 

It has broadened my knowledge of different topics and phases of math that I have very little 
time to explore. 



Memphis 



It hasn't made me more aware of what math is but has broadened my horizons about statistics 
and other branches of math. MUMC has broadened my perspectives. 

Made ne realize mathematical thinking and reasoning is more important. More aware of 
importance of NCTM standards and realize it is critical to incorporate them. 

I have seen many additional ways in which math is a tool. 

It has made me aware of national trends, to realize that math is changing and that updating 
is essential. 

More insight of what should be emphasized. More involved in using new technology to teach. 
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Table G2 (continued) 

Teacher Responses to the Diary of Professional Relationships 

How has the collaborative affected your conception of what mathematics is? 

New Orleans 

The collaborative has affected my concept of mathematics by extending my definition of 
mathematics, thus helping me to be more productive. 

The collaborative has made me aware of the kinds of mathematics needed to perform certain 
highly technical jobs through the site visitation programs. Through the symposiums I have 
amassed quite a few facts concerning the problems in mathematics. 

By showing me discoveries and projects. 

Philadelphia 

It has given me the opportunity to participate in professional activities that have re-enforced 
my knowledge of mathematics. 

It hasn't. 

It has broadened my conception of mathematics by exposing me to other teachers' ideas. 

It hasn't changed my conception of what mathematics is. It has taught me how to motivate 
the teachers and how to work in a school system where the administration has no power of 
imagination of an educational system. 

It has enhanced it. 

Pittsburgh 

It has shown me problem solving is important to basic everyday living. 

The math collaborative has provided me with information and ideas (through speakers, 
visiting companies, and by acting as a resource center). This has helped me better understand 
and apply math to concrete application. 

Several examples of mathematical applicability in business and industry were most helpful. 
Not much, really. 
St. Louis 

Collaborative speakers have given me a broader insight into math from diverse points of view. 
I don't think I have been active enough to see any change. Maybe from a workshop or two. 
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Table G2 (continued) 

Teacher Responses to the Diary of Professional Relaiionships 



155 



How has the collaboratiye affected your conception of what mathematics is? 
St* Louis 

I have seen new topics and areas of math that I had never experienced. Discrete math, for 
example. 

Rather than affecting, it enhances—keeping me in touch with current trends--and allows me 
to interact with colleagues professionally and personally* 

It has expanded my idea of how mathematics can be applied. 

San Diego 

It hasn't affected my conception of what mathematics is. However, it has affected how I 
teach mathematics. 

Changed my perception of math. It used to be paper and pen. Now we go from abstract to 
concrete* It*s applicable and practical. 

Reinforced my attitude about what math is . . * more excited about teaching mathematics* 
More of an attitude that math is a tool to analyze problems logically and clearly. 
It hasn't changed it* 
San Francisco 

It's given me different peoples' views*, .the collaborative makes things more human. 

It's enabled me to see other people's conception of mathematics* It's given me a chance to 
share and communicate* 

It has really affected me* 

I've learned a lot more about how mathematics is used. I never knew much about 
applications. The dinner lectures and exploratorium taugr^ me a lot about connections 
between math and science, and math in industry and engineering. 

I've learned about what other people think it is* I've had a chance to meet and talk to other 
teachers and hear different ideas of what math is and how to teach it* 
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Table G2 (continued) 

Teacher Responses to the Diary of Professional Relationships 



How has the collaborative affected your conception of what mathematics is? 



Twin Cities 



It has broadened my perception of mathematics and has provided a forum for discussion of 
topics with like interested persons. It has also provided a wealth of exciting people. 

I have developed and refined my conception of mathematics through reading and study, 
rather than through collaborative activities. I have been able to learn more about some 
applications of mathematics through collaborative activities, however. 



Table G3 

Teacher Responses to the Diary of Professional Relationships 
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l^'hat interactions with representatives from business and industry have you had through the 
L.^Uaboraiive? How have they affected your conceptions of mathematics? 



Cleveland 



Through the dinners and symposia* No effect on conception. 
Informal discussion at symposia* More practical applications. 

It has enriched me professionally. Met with National City Bank for problem solving. 
Nordson Corp. for an interview, BR America, etc. Symposia have helped. 

Most ^f the interactions have been through the symposiu ms that I have attended and they 
have affected my concept of mathematics that it is a aever ending change of ideas and 
methods of solving problems. 

A great amount of interactions* I know what the student should learn in school in order to 
compete with other students for jobs. 

Los Angeles 

Very supportive of math teachers. 

Fve attended lectures and workshops of people from industry. It taught me that a great deal 
needs to be revised in the modern day math curriculum. 

Not much interaction. Has not affected any conceptions. 

None. 

Memphis 

I had an internship at St, Jude*s last summer and worked in their biostat department. I have 
a new image of statistics and computer sciences. I see that statistics is really important and 
I appreciate it more. 

Speaker's Bureau and Mathcounts (run by engineers) Engineers show how math is vital for 
their career and life. 

None. 

IBM dinner**realized that I could explain some concepts and encourage thinking by using 
computers in class. 
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Table G3 (continued) 

Teacher Responses to the Diary of Professional Relationships 



What interactions with representatives from business and industry have you had through the 
collaborative? How have they affected your conceptions of mathematics? 



Memphis 

IBM dinner(1988)--reinforced usefulness of computers in classroom. 
New Orleans 

I have had an interaction with representatives of a natural gas company in the form of a 
seminar that related job possibilities in this industry. They informed me to what extent I 
could expand my instruction for my classes. 

I visited Southeastern Regional Research Center last year* I observed some of the chemical 
tests that were conducted. The representatives lectured at each demonstration and I received 
some samples of problems that are solved in order to perform the tests. This made me aware 
of the concepts I needed to be sure that my advanced students understand* 

New Orleans Public Service Inc.; Electric and Gas; by being able to read my meters. 

Philadelphia 

I have not had many interactions with such representatives. 

None. 

None. 

I received a grant to go to Atlanta for the national AMS Conference and learned a lot from 
attending several lectures* Professor Kemeny*$ lecture on Teaching Calculus gave me an 
insight to teach Calculus in a new way* I also came to know Janet Ramsey from IBM. She 
helped me to get an IBM computer on loan to run a special program on "Artificial 
Intelligence.** 

None* 

Pittsburgh 

None 

The math collaborative has provided me with information and ideas (through speakers, 
visiting companies* and by acting as a resource center). This has helped me better understand 
and apply math to concrete application* 



U\2 



Table G3 (continued) 
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iVhat interactions with representatives from business and industry have you had through the 
collaborative? How have they affected your conceptions of mathematics? 

Pittsburgh 

Discussion with Blue Cross actuary. Financial planner with local brokerage firm. 
Westinghouse Nuclear Training Center for utility personnel. 

St. Louis 

None. I was suppose to visit once, but I was unable to make the engagement. 

I have visited IBM. I learned more uses of mathematics that I could relate to the student. 

I visited McDonnell Douglas two summers ago. I really enjoyed that visit. 

Most specifically technology. IBM kit. Modern technology revolutionizes many pencil 
calculations. This technology frees one to develop concepts and minimize some of what 
students have felt ""Boring." 

None this year. 

San Diego 

Off hand« I can*t think of any. Didn't attend the bank tour. 

One visit with the bank. We haven'* had much. With the classic calculator, they have 
affected my conception of mathematics. 

I have not had many interactions. 

None. 

I personally didn*t. 
San Francisco 

I met people from Chevron at those dinners* They saw us as professionals and really treated 
us welL We could talk to them and see how much math was used* 

Tve had little interaction. I guess I interacted with some speakers at least in the beginning 
when Chevron had the dinner lectures. We got a chance to see where people were coming 
from and what they were looking for. 
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Table G3 (continued) 

Teacher Responses to the Diary of Professional Relationships 



What interactions with representatives from business and industry have you had through the 
collaborative? How have they affected your conceptions of mathematics? 



San Francisco 

Like when that engineer from the Golden Gate Bridge spoke. That was a nice example of 
how mathematics is used. 

I guess I met a few people from industry at dinner lectures but we didn't really get too much 
into mathematics* It was more like social pleasantries. It was nice how they seemed to respect 
what we do though. 

Haven*t really had any. 

Twin Cities 

An even wider perspective of use; what we are preparing students to do; the exciting new 
avenues they will experience* 

Dinner meetings and some contact through classes. I have learned how mathematics is applied 
in noneducational contexts through , 
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What do you want your students to get out of mathematics instruction? 



Cleveland 

Be able to solve basic problems. Should have the math to solve problems. 

Adequate understanding to do problem solving and be comfortable doing it. 

To be proficient in problem solving and to learn to use and handle math and to grow 
intellectually. 

To think critically about a problem and to develop techniques that they can use to solve these 
problems. 

The ability to think. 
Los Angeles 

Ability to think. 

A fuller appreciation of the importance of math to their future. Also fun out of doing math 
and a deeper understanding and overview. 

I want them to be able to think critically, to be able to formulate questions and follow through 
on solving a wide range of problems. 

I want them to gain self-confidence. I want them to feel that they have the necessary skills 
to solve new problems. 

I would like any students to become efficient enough to be able to get along mathematically 
in our society. To know all of the basic skills and use them as a background to think through 
and solve problems, thus arriving at logical conclusions. 

Memphis 

1) To master objectives in the curriculum. 2) Appreciate math, its usefulness and it's 
necessity, to be successful in our world. 

a) Have no fear of math b) be open and willing to try math c) realize math is important for 
everyone d) do their best. 

1) Realization of the importance of math in everyday existence. 2) Appreciation of the 
beauty involved in mathematical systems. 3) Foundation to be able to achieve satisfactorily 
at higher levels of math or actual future employment. 
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Table G4 (continued) 

Teacher Responses to the Diary of Professional Relationships 



What do you want your students to get out of mathematics instruction? 



Memphis 

1 ) Think out math problems instead of rote memory of methods. 2) Appreciate math*s beauty 
and usefulness. 3) Realization that they can work hard and achieve. 

1) Dispel myths that women can*t do math. 2) Build computational and problem-solving 
skills. 3) Increase self-esteem. 

New Orleans 

I want my students to be able to use math in everyday life and to be able to use math in 
various careers that would allow them to be independent and productive. 

I want my students to be able to do the following: 

a. Perform basic skills rapidly and mentauy, without the use of a calculator. 

b. Perform operations on real numbers, solve equations of real numbers. 

c. Solve problems with or without numbers that relate to science and social 
sciences. 

d. Solve problems related to everyday living. 

e. Develop critical and logical thinking skills. 

Develop latent ability in some students and interest many who heretofore have shown little 
or no enthusiasm for mathematics. 

Philadelphia 

Vd like them to see the beauty of mathematics^-its patterns and its structure. Td like them 
to eniov the material presented to them in class. Td like them to be able to take the skills that 
they have learned and apply them to solving problems that they will face in the future. 

Everything they can. Thinking processes and questioning techniques plus content. I want 
them to know enough to be able to judge what is worth knowing and what is not. 

I want my students to be able to manipulate mathematical concepts, in an appropriate manner, 
in order to reach conclusions. I also want them to be able to judge the reasonableness of their 
conclusions. 

a) A good knowledge of History of Math. 

b) How to apply math in real life situations. 

c) To learn the techniques of Problem Solving. 

d) Theorem proving and application. 

Confidence in themselves. 
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What do you wtmt your students to get out of mathematics instruction? 



i^ittsburgh 

A knowledge of the basic skills and how to apply them to problems that occur in their lives. 

Hopefully my experience will be related to my students and any increased appreciation of 
math will be motivational for my students. 

To be able to function in society doing those mathematical concepts necessary for "survival," 
i.e., checking, banking, measuring, money, estimating, computation and become 
mathematically literate. 

1) Acquire basic math skills. 2) Acquire application skills. 3) Acquire application for 
"elegance" of math. 

St. Louis 

1) Ability to do basic math. 2) Ability to evaluate and think logically through any problem. 
3) Ability to do above average on the college placement test. 

To have the power to use mathematical notations to express ideas that under normal 
circumstances would require long sentences. To think about relationships among numbers. 

To learn enough math to succeed in life and to be able to pursue the career of their choice. 
To enjoy math and see a real use for it in life. 

Have the ability to problem solve, "reason," using whatever tools and techniques that are 
logically appropriate. 

The ability to understand the numbers they hear, read and use. To appreciate how 
mathematics can help them solve problems. To be able to use mathematics at work and 
elsewhere. 

San Diego 

How to access information, technical information. They become masters of the tools 
themselves. They can teach themselves whatever they need to know. 

Some formulas and how to apply them. How to apply them in the future. 

A love for math. A feeling of competency and feeling of equality. . . that they can do any 
math that they are given. . . that math is not a foreign, esoteric, subject. With patience they 
can learn any math put before them. 
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Table G4 (continued) 

Teacher Responses to the Diary of Professional Relationships 



What do you want your students to get out of mathematics instruction? 



San Diego 

The ability to think clearly. To reason. Being able to decide which approach to take when 
they're trying to solve a problem. 

The ability to carry on in the work world or in college. 

San Francisco 

I want them to enjoy it- -to be less uptight about it and go with the flow. 
Critical thinking skills, pleasure, excitement. 

Investigation skills. Extension skills so they can go beyond what they've learned and apply 
it to new situations. 

I want them to understand its importance in a technological society, but Td be happier if I 
could get them to understand how neat math is just as a way to think about things* 

I want them to have fun with it. Really, if you see mathematics as patterns, it can be like a 
game. 

Twin Cities 

That mathematics is not static, but an ever-changing, flowing system adapting to the new and 
innovative. 
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How has your participation in the collaborative affected your goals for teaching mathematics? 



Cleveland 

Reinforced my feeling that graphing is very important and should be learned by all students. 
Probability and statistics should be taught. 

Not at all. 

It enhanced my ability to teach math. I learned different methods to present concepts, work 
with manipulatives, and it broadened my horizons. 

By being a part of the collaborative, I have tried many new ideas and techniques to improve 
my instruction. Also by relating mathematics to every day world problems, mathematics 
becomes more interesting and not so abstract to students. 

It has increased my participation in other activities concerning mathematics, and it has given 
me a greater outlook on teaching math. 

Los Angeles 

Personal goals have expanded and now I want to make changes in district's policy w/r/t math. 

Concepts are far more important than the calculations. Taking risks, trying new and exciting 
things. 

My goals now include having students formulate problems, work on open-ended problems, 
and use appropriate estimation techniques and technological tools in their work. 

Hasn't changed. 

Yes, in many ways. I am aware of the needs of our students, and the many available 
resources. It has given me many ideas that might be used in the classwork. 

Memphis 

I feel probability and statistics should be a goal included in our teaching of math. I see that 
what I teach is a basic tool for many careers. I realize better that math is useful and 
necessary, 

MUMC has opened new goals . It has made me aware that I should expect more from my 
students. I am willing to sacrifice time and share knowledge with other teachers. 
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Teacher Responses to the Diary of Professional Relationships 



How has your participation in the collaborative affected your goals for teaching mathematics/ 



Memphis 

I feel I am more application-oriented and now use computers in class to achieve goals. 

Made me aware that I must continually update my methods. --Involve students in thinking 
rather than placidly accepting notes from the teacher--Add new technology to classwork* 

My involvement keeps my own skills attuned. MUMC helps me sell myself- It shows the 
students that Tm interested and am updating myself. 

New Orleans 

My goals have been extended beyond some of my earlier expectations of my students and 
myself* In other words, the collaborative has afforded me an opportunity to reach far beyond 
my goals and expectations* 

My participation in the collaborative has broadened my goals for teaching mathematics. 
Instead of aiming for preparing a student to be eligible to enter college, I am now concerned 
with giving the student a background in mathematics such that he can enter college, be 
successful and make a choice of career options. 

Participation in the collaborative affected my goals for teaching math by arranging on-site 
visits at different places to see what science can do along with mathematical procedure. 

Philadelphia 

Participation in the collaborative has helped me focus in on the goals that I have outlined for 
teaching mathematics* 

Participation in the collaborative has opened doors and provided me with all kinds of great 
materials* and has made me a . 



Pittsburgh 
No* 

The collaborative has made me realize that my goals for my students are not in line with goals 
of the school where I am teaching* At this point, I am very frustrated and unhappy* 
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How has your participation in the collaborative affected your goals for teaching mathematics? 



Pittsburgh 

Tve enjoyed all the collaborative activities not only because they enable interaction with my 
peers, but also they give me a good feeling knowing that I am in a position of service to 
influence young minds to pursue mathematics and hopefully have the successes that the 
participants have had. I view the collaborative as a very positive influence upon those in 
attendance* There has not been one disappointing session that Tve attended. 

Not much* 

St. Louis 

The collaborative gave me the incentive to join and become an active member of math 
professional organizations (NCTM, MCCEL, etc.). 

Yes. I now focus more on positive student behavior and [put] less emphasis on negative 
behavior, 

I am able to keep up with modern trends and techniques of teaching math. The workshops 
I have attended have increased my knowledge of mathematics. 

It keeps me focused on national goals--rather than my own goals* So I may provide more 
efficient, effective teaching methods to counter the element of "burnout" due to many years' 
experience. 

The collaborative has enhanced my teaching by allowing me to see new approaches and new 
technologies and to network with other mathematicians to obtain additional ideas. 

San Diego 

It has changed them quite drastically. I think, the learning styles of the children. We need 
to change our teaching styles. 

They changed a lot personally. I use more manipulatives. I try to use cooperative learning. 
Everything I learned from the collaborative, I use. We're reviewing software and would like 
to use it in the classroom. 

Enthusiasm. A sense of a lack of isolation. I never talked to other math teachers. I used to 
think that people were erroneous in their teaching. Now others feel as I do. 

More of an awareness that the goal is to get students to help one another as well as to receive 
from me, the teacher. I use cooperative learning. Although I don't use it as much as Td like 
to, it's always in the back of my mind. 
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Teacher Responses to the Diary of Professional Relationships 

How has your participation in the collaborative affected your goals for teaching mathematics? 
San Diego 

Vm looking at a career change. I am thinking about the community college. 
San Francisco 

I became more interested in math. It made want to teach higher, more academic levels. 

It*s validated goals I think I already had. 

Not very much. I think I always had the same goals. 

It*s prepared me a lot more to help students learn about how math is used and how it's 
connected to other areas. Tve gotten a lot of ideas for how to better present or demonstrate 
concepts. 

It*s made me want to do more. Tve learned about how you can do more hands-on stuff and 
strengthen students* higher-level thinking skills* 

Twin Cities 

It has promoted open-mindedness to the changes that are coming faster and faster. 

I am much more aware of the need to emphasize problem-solving and applications of 
mathematics whenever possible. I am trying for more of a balance between theoretical and 
applied aspects of mathematics than I did previously. 
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Table G6 

Teacher Responses to the Diary of Professional Relationships 



What recommendation would you make to improve the mathematics curriculum in your school/ 



Cleveland 

Statistics and probability should be added* Students should not leave school without data 
analysis. Teachers should make individual curricular decisions. Graphing calculators should 
be introduced in beginning algebra classes* Analysis of graphs and tell what the results are. 

More involvement of the computer into all mathematical topics from remediation through 
calculus. 

Every student should take two math subjects —one for concepts and the other fcr 
manipelatives and applications. 

We as math teachers must make math interesting for students. Students are turned off if they 
do not see the relationship of what we teach in math ond the real world. We need to use 
hands-on techniques and ideas to make students get a feel for mathematics. 

Increase the courses in mathematics that are needed for graduation. Provide math lab for all 
students. 

Los Angeles 

Inservice time for faculty to understand new curriculum strands/courses (i.e.. Math A, Math 
B, etc.). 

Incorporate more technology and weed out the bullshit. You know the meaningless math 
lessons, the busy work. 

More choices beyond the Algebra-Geometry-PreCalcuIus-Calculus track. We have an 
experimental Finite Math class which started this year, but we are not allowed to call it that 
or our students will not receive advanced math credits for college application!!! 

Teachers need more time during school hours to develop solutions for departmental problems. 
Bimonthly goals need to be set and evaluated. The department needs to access its 
accomplishments and failures. 

Each student should be pre-tested and the whole curriculum should be reviewed. 
Departmental test should be given at the end of each semester. 

Memphis 

Probability/statistics should be included in our curriculum: a) formal courses b) add into 
Other existing courses. 
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Teacher Responses to the Diary of Professional Relationships 



What recommendation would you make to improve the mathematics curriculum in your school? 



Memphis 

Teachers should have a positive attitude that they can be successful. Teachers should take 
students where they are and then move with them, regardless of time pressures set by MCS. 

Incorporate more updated materials demonstrating math applications. More available 
computer software correlated to the curriculum. 

Incorporate computers/calculators in cIass*--More communications with teachers of the same 
course*— More realistic applications. 

Offer a probability /statistics semester twice a year* Open more options for non-math majors. 
Applications should be emphasized. 

New Orleans 

I would like to see students scheduled by abilities beyond the honor classes and special 
programs* 

To improve the mathematics curriculum in my school* I would like to see that the objectives 
we have are implemented more effectively* I would like to see thinking skills and problem- 
solving skills incorporated in the objectives of all courses taught* Add a course for the 
students who plan to attend technical schools that is at a higher level than the general 
mathematics and business mathematics courses. 

Activity work books* 

Pittsburgh 

Keep some form of course for those who still have trouble in computation. 

If there could be a more direct relevance of mathematics to the students* future. Maybe a 
section of each course that would demonstrate this direct applicability would help to motivate 
students. 

We need to make math more relevant to the students— more practical applications, more hiSiL^ 
level job'^relaced applications* 

St* Louis 

More classroom computers (one per classroom). Seminars on better use of (algebra, new 
math). Writing across the curriculum* College placement test help* 
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What recommendation would you make to improve the mathematics curriculum in your school? 



St. Louis 

More student tutors (Classical academy to help under-classmates*) Students learn well from 
other students. 

It should be geured to the everyday student*s need. I think we are trying through the 
standards and everything to make mathematicians out of everyone. 

Give me greater support, disciplinarily so I can focus on math. Support service needed for 
many low achievers, so learning can take place. Provide more and easier access to 
technological equipment. 

Utilize the computer software available in ih& teacher*s classroom . 
San Diego 

We talked about this during our minimum day. Sometimes we expect students to reach too 
fan TheyVe locked into it. Between six and 12 weeks, parents, teachers, and students via 
their parents, can make the change. We also thought that we would teach the intermediate 
algebra before geometry. 

I would like to see the students use more calculators. We're beginning to require students to. 
use them more. 

Need to get teachers who are sincerely interested in teaching mathematics. We still have 
teachers who are uninvolved. 

Make it more flexible. We see all of these neat, wonderful things, but when you have to be 
on Chapter 15 by a certain date, you can't be as flexible and implement those ideas. 

Our department is in a real battle over that issue . . . 50-50 split. The mathematics major vs. 
the nonmathematics. Math people want kids to stay in Algebra, until they learn the concepts 
before moving on. Nonmath people want everyone to be exposed" to concepts. I would make 
the standards uniform. It*s a real battle. 

San Francisco 

More of math Iab-*things to play with, computers. I think we should try more of an 
integrated approach. 

WeVc doing it. We have STAMP, IMP, we're trying to bring math to all students. Mission 
[high school] has virtually every program that*s going on in the district. 
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Table G6 (continued) 

Teacher Responses to the Diary of Professional Relationships 



What recommendation would you make to improve the mathematics curriculum in your school? 



San Francisco 

We're trying to focus on problem-solving. WeVe trying a lot of different things with 
problem- based curriculums to keep students in math classes. 

WeVe got to make the curriculum less dry. We really need to do something about Math A and 
Algebra. Kids just don't get it and they can't see what it's good for. 
I wish more teachers would be willing to try new things besides just doing what's in the 
books. There's a lot of stuff we could do that's more interesting and relevant. 

Twin Cities 

To focus on the understanding and not on the rote material. To promote the creative and 
innovative ideas that will be needed for the future. 

We must fiud ways to use technology in math classes in such a way that the integrity of 
mathematics is preserved, but calculators and computers aid in the understanding of 
mathematics. We must also find ways to increase the exposure of the students to concepts 
from statistics and probability. 
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Table G7 

Teacher Responses to the Diary of Professional Relationships 



What are the key issues regarding mathematics education in your district and how will they affect your 
school? 



Cleveland 

1) Look ahead instead of playing catch up. We should not adopt antiquated curricula* 2) 
Evaluate the curriculum and make changes necessary to conform with our new standards. 

1) A definite topical structure must be established in each subject area* 2) Dissolution of 
credit for remedial mathematics. 3) Requirement of algebra for graduation for all students 
and algebra should be for two periods. 4) Math lab necessary for learning problem solving 
by peer tutoring. 

I ) Have to motivate the students to succeed; 2) Have to give students a positive attitude; and 
3) Have to give students confidence. 

A key problem that we have is the decentralization of the schools in Cleveland. Each school 
will do what it wants, books, teacher usage, and we still at the same time need to pull 
together and help one another* All of us hav^ strong and weak points in our teaching* We 
need to share our strong points and learn from them to eliminate our weak points* Students 
change from school to school very often during the school year. We need to cover the same 
topics so that when changes are made by students from school to school, he will fit into a class 
at his new school and not be lost. 

The new standards. Implementing these standards. 

Los Angeles 

Lack of student motivation regarding education. 

1) District test. It will set a standard. It is badly needed. 2) Purchase of hardware will 
affect my classroom in a positive manner. 

Los Angeles Unified is stifled in every respect by the dead weight of nonteaching 
administrators who pay no attention to teachers. 

School-based management is the most important issue whether it be English, Science, Math 
or Social Studies. 

Working with the Urban Math Collaborative which takes teachers' positions and views 
seriously has helped keep me sane* 

Vm not sure what the district's key issues are, but our school needs to get students to realize 
how important math education is* And in turn have them become more successful* 
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Table G7 (continued) 

Teacher Responses to the Diary of Professional Relationships 



What are the key issues regarding mathematics education in your district and how will they affect your 
school? 



Los Angeles 

Try to get more students into Algebra. It puts pressure on our students and school. We had 
to comply with district trends. 

Memphis 

1) Non-certified math teachers teaching math (not at my school) 2) Courses required for 
certification need updating. 3) Curriculum needs to be updated and include technology; learn 
new methods^ use computers and calculators. 

Curriculum time frame--deals only with minimums required. Teachers must do more and set 
higher goals. 

1) Role of the computer--more funding is needed for equipment and teacher training. 2) 
Implementation of the NCTM Standards--updating of curriculum will be necessary. 

Curriculum-- ^needs to be updated, teachers need to complete the minimum and do more. 
Computers--new technology needs to be available to math teachers and classes; software 
should be tested and evaluated and made available. 

Proficiency test--affects curriculum, what is taught/stressed. ( My school has a high passing 
rate). Test scores--Affect our sequencing of courses. Affects what is stressed. 

New Orleans 

L To increase students* mathematical skills in many areas. 

2. To provide the proper atmosphere for learning these skills. 

3. To provide personnel capable of carrying out school district goals. 

The above goals will increase students' knowledge, students' skills and thus, a school district 
with higher standards and productivity. 

The key issues regarding mathematics education in my district are lack of money to 
implement changes and shortage of mathematics teachers. This affects the availability of 
purchasing books, attracting new teachers and generally purchasing supplementary materials. 

Some students are not working up to capacity and test scores will be low. 
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Table G7 (continued) 

Teacher Responses to the Diary of Professional Relationships 



What are the key issues regarding mathematics education in your district and how will they affect your 
school? 



Pittsburgh 

No longer rote calculating after elementary school, but a more concentrated effort on problem 
solving* There will be no more basic skills courses. There will be calculator use and emphasis 
on solving problems, 

I feel my school is a "day care center"* for teenagers. Our students miss my classes for a huge 
variety of reasons most of them sanctioned by our administration. Our classes must have such 
a high priority that they are never interrupted* Maybe if we take this education this seriously, 
our students and their parents will take it seriously. 

I fear that mathematics courses have been viewed by adults as being too difficult for students 
and as a result they have not become alarmed by decreasing scores on tests. There appears to 
be an allowing of students to take easy courses rather than the challenging courses. Some 
administrators feel that success is most important at any cost. An example would be allowing 
a TAS [Trigonometry, Algebra, Statistics] student to drop TAS and take Applied Math because 
-He wasn*t doing good in TAS"— POOR EXCUSE. 

We need to make math more relevant to the students--more practical applications, more high- 
level job* related applications. 

St. Louis 

Writing across the curriculum must be done by all students in every class. Test scores. 

The new concepts, use of computers, calculators, manipulatives, games, etc., to teach 
concepts. We are going to have to spend more time in the lab and look for many new teaching 
strategies. 

Better test scores in math. Less complaints from the community. Every student can learn 
high school courses, not just general math. More students will take algebra and geometry and 
higher courses. 

New te.\ts and curriculum which we were given with no time to peruse. New math techniques 
call for different types of classroom control. Control has been in form of all quiet, working 
at seat rather than interactions* This requires new support from administration/counselors 
and this is not in place yet. Also, [it] requires greater student self-discipline and 
responsibility. 
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Teacher Responses to the Diary of Professional Relationships 



What are the key issues regarding mathematics education in your district and how will they affect your 
school? 



St. Louis 

All new textbooks in all subjects. Too much to digest at once* Our supervisors do not provide 
assistance in the delivery system. There needs to be more coordination, more dialogue. In 
talking with other supervisors at NCTM meetings, they seem to have more contact with 
teachers. 

San Diego 

Don't know. 

ESL classes. We need to help children whose primary language is not English* We thought 
that we had only 15 students. Instead we have 40 students, two classes. We need some help. 
No teacher applied for position. Maybe parents could help out. 

Tm not sure if the Sweetwater has any push for mathematics at all. Perhaps the 
superintendent is more in tune than our principal. She's only interested in roosting* 

San Diego 

Getting those test scores up! We're still tied to those tests! Need to build in more flexibility. 

District- wide they're really messed up. They are resisting implementing the state framework. 
The curriculum person in the district would not receive anything from the teachers who had 
attended the San Diego Math Project* 

San Francisco 

The district doesn't know from year to year what the issues are. They find test scores more 
important. Math becomes more like a competition instead of something for people to enjoy. 
I think a key issue for us is whether we'll adopt a more integrated approach and deal with the 
issue of tracking students* That will have a big effect on how wc do things in our school* 

The drop-out rate is a big problem the district is trying to address. We ry to address it with 
our special programs* 

The drop-out rate. More centralization is going to be an issue th^t affects us*-choosing 
common books so when students transfer they're doing the same things. We have a 50% 
turnover every year* 
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What are the key issues regarding mathematics education in your district and how will they affect your 
school? 



San Francisco 

Minority achievement in math is a big i$$ue in the district. More and more black and 
Hispanic students drop out of the math program earlier and their test scores are going down* 
It happens at our school too* The district needs to do something to prepare them better in the 
lower levels and we need to find curriculum and ways of teaching that will interest more of 
our students in math, and help them and their parents see how important it is to learn math* 

I guess there's the whole issue of nation*wide math reform and how we need to make math 
accessible to more students* I don't know how that will affect our school yet. We sort of wait 
to see what happens other places. 

Twin Cities 

That we can prepare the student in the use of the tools of the future. 

Our school is a self-contained private school. The issues of the school are what we would 
have to call the issues of the district* Two major issues: More time for mathematics on all 
levels from K through 12. There is not enough time devoted to mathematics. The goals of 
the Standards cannot be reached in the time we presently have available. Students in the 
lower grades can and should have a different kind of mathematics preparation if the ideas of 
teachers in upper grades can be translated for the lower grade teachers. It is possible to help 
lower grade teachers to become interested in more than computation. They would probably 
welcome a more diverse and powerful conception of mathematics than they now possess. The 
teachers in the upper grades can help to supply this new awareness of mathematics. 
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Teacher Responses to the Diary of Professional Relationships 



What has influenced your teaching of mathematics (i.e., coursework in college, a high school 
mathematics teacher, colleagues, teaching experience, the collaborative)? 



Cleveland 

High schooi mathematics teacher and the collaborative. 
All of the above- 
College professor, high school math teacher and teaching experience and the collaborative. 

a) My high school algebra teacher* 

b) A methods course at Ohio State University. 

c) The math collaborative 

1) The resource center 

2) Symposiums. 

d) Colleagues. 

Colleagues, mainly the department chairman 1 had at the first school I worked. 
Durham 

The challenge of a new field [I was trained as an English teacher] plus a chance to be part of 
the reform movement currently sweeping math. 

A high school math teacher gave me an interest in mathematics. I had her for two years and 
she showed me what fun I could have with math. I also enjoy the course content of high 
school math courses. 

Coursework in college, high school math teacher, colleagues, teaching experience, 
opportunities offered by DMC. 

All of these things at one time have influenced my decision to teach and the method I use in 
teaching. However, colleagues have recently had the most effect on my views of education. 

Mathematics teachers were well liked, especially in undergraduate work. Capability to do 
math well and succeed. The overall field of math being needed for other fields. Liking 
children. 

All of these have had some influence in my teaching of mathematics. In more recent years, 
my colleagues have had a lot of influence. 

My supervising teacher when I did my student teaching. The collaborative networks and 
programs. My students and their personalities and needs. 
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What has influenced your teaching of mathematics (i.e., coursework in college, a high school 
mathematics teacher, colleagues, teaching experience, the collaborative)? 



Durham 

My teaching was most influenced by high school math teachers. Recently, teaching 
experience and working with the collaborative has influenced my teaching* 

Los Angeles 

Teacher (high school) 
teaching experience 
+PLUS+ 

ColU professors* colleagues, 22 years experience, opportunity to leach students at different 
levels. 

Workshops, teaching experience, methods used when I was taught math, and students' fear of 
math. 

My college coursework, several of my mathematics teachers, and experience in industry 
influenced my teaching of mathematics. 

Attending conferences and learning from past teaching experiences has influenced my 
teaching of math. 

Memphis 

A high school mathematics teacher. 

By a high school math teacher who was great. By my teaching experience. By MUMC which 
gives me the opportunity to attend workshops and meetings where I learn innovative methods. 

My graduate work at MSU. Probably the biggest is the lack of teaching I had in high school. 
I determined a long time ago that my students would get a better math background than I did. 
I have learned a great deal through experience. The collaborative has been a boost! I don't 
know that it changed my thinking drastically, but it made me feel more professional, and gave 
me the incentive to try new things and to think, ''anything is possible.** 

My high school math teacher was a model for me. I always wanted to be the kind of teacher 
he was, the best math teacher in the world. 

1) Teaching experience has influenced my teaching most* 2) College courses. 3) Previous 
teachers. 
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What has influenced your teaching of mathematics (i.e., coursework in college, a high school 
mathematics teacher, colleagues, teaching experience, the collaborative)? 



Philadelphia 

My experiences mostly. However, it*$ been an eclectic process, and many of the experiences 
and workshops provided by the collaborative and professional organizations (a: the local, 
regional and state level) have had profound influence. 

I've always enjoyed mathematics as a student during my early educational years. However, 
it wasn*t until I started my teaching career, that my interest increased greatly. 

I) College math teacher, 2) colleagues, 3) collaborative 

Experience and collaborative. 

Interaction with colleagues combined with my teaching experience has most influenced my 
teaching of mathematics. The collaborative has provided increased opportunity to interact 
with colleagues. 

Pittsburgh 

All of the above. 

Probably high school teachers at Scheiiely High School Teacher Center. 
Colleagues, coursewOrk, and teaching experience. 
My knowledge and interest in math. 
Colleagues. 

High school math teachers, coursework in college, teaching experience. 

High school teacher and college courses. For 22 years I was a science teacher and the school 
closed, at which time I was transferred as a math teacher. Now 1 teach some science courses. 

A high school teacher. 

My first goal was to work with children as a teacher and my proficiency in mathematics led 
me into that field. My older brother offered me challenging problems, experiences and 
; zzles that helped develop my interest in mathematics. After 25 years of teaching and being 
is^oi: 4ed with my students, the collaborative exposed me to other mathematics teachers who 
challenged with their problems and puzzles, thus renewing my interest. 
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What has influenced your teaching of mathematics (i.e., course work in college, a high school 
mathematics teacher colleagues, teaching experience, the collaborative)? 



St. Louis 

I have taken many math courses with very good instructors. A and B are two that really 
influenced my teaching. The collaborative has helped too by providing workshops and 
helping with math conventions. 

The greatest influence has been fellow teacher?. I have worked with and talked with some 
excellent teachers (not only math). My coursework in college has had a lot of influence. 

College math teachers, teaching experience, family, colleagues, probably in that order. 

Discussion with fellow teachers and workshops and lectures attended at various conventions 
have influenced me the most. These have produced the most dramatic changes in my style 
of teaching. The collaborative has produced an avenue that has accelerated some of these 
changes and allowed me to feel comfortable about changes and allowed me to draw on the 
expertise of others. 

A combination of observations (other teachers), my own experiences, collaborative activities, 
professional course work. 

San Diego 

I don't really have an answer. Too many things have influenced me. 

Not teaching math now. Running The Excel program. One-to-one interaction with students. 
Tutoring in math. 

Family, Parents always wanted me to do (it]. My sister and I went to school together. Now 
we teach together. Plan things together. Do curriculum writing together. Work at the same 
school. I became interested in computers. Now she's interested. 

Combination of enjoying kids.. .influenced by teachers in high school. 

Combination of things. Pm a science major but I like math and I take a lot of courses. 
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What has influenced your teaching of mathematics (i.e.. coursework in college, a high school 
mathematics teacher, colleagues, teaching experience, the collaborative)? 



Twin Cities 

My high school math teacher was excellent and very highly dedicated. Much of what I do 
today is modeled after him. 

Much of my teaching style is based on my student teaching experiences. Currently I am 
attending the University of Minnesota in Math-Ed. Many new ideas have stemmed from that. 

All of the above! Plus on-the-job supervision, in-service, reading publications, feedback 
from students, etc. 

Mostly a college mathematics professor. 

Primarily my teaching experience now determines how 1 teach. 
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How has the collaborative affected your teaching of mathematics? 



Cleveland 

Opened my mind to the innovations occurring m the math teaching profession* 
It has improved my teaching. 

By the symposiums that I have attended*-! have used ideas from them to improve my 
instructions and techniques of presenting mathematical lessons: 

a) By utilizing the resource center 

b) By sharing your ideas with colleagues, college professors, and members of industry 

c) By keeping up with *new standards'* of mathematics. 

d) By allowing you to participate in the decision making process. 

Provided opportunities to attend conferences and symposia and to get together with math 
teachers from other schools. 

Durham 

Provision of materials; workshops, special interest groups, support. 

It has given me a way of talking to other teachers about teaching. I also have had an 
opportunity to see how math is used in '*real life** work situations. 

I have only been involved with DMC this school year. During that short time, DMC has 
provided several professional opportunities for growth in teaching mathematics. In particular, 
the networking meetings have given me the opportunity to interact with other math teachers. 
This, in turn, has helped me to look at new ways to teach concepts. 

The collaborative helps keep me aware of the new ideas and methods in mathematics. It 
provides me with material and training that otherwise would not be available to me and allows 
me to update what and how I teach. 

New ideas presented on how to teach my subject. New interests and excitement for me as a 
teacher in discussions with other teachers and any events held. 

It has encouraged me to use the shared ideas of other teachers. I am trying to really encourage 
the use of calculators. I working to learn to use the graphing calculator I got at a math 
council workshop. 

It has served to '^modernize'* my techniques and subject matter. 
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How has the collaborative affected your teaching of mathematics? 



Durham 

Workshops provided by the collaborative and the opportunity to attend a national conference 
provided by the collaborative have given me new ideas and problems to use in my classroom. 

Los Angeles 

More courses to experiment and be innovative. 

Not been involved* 

It has reinforced the positive aspects of my teaching and focused my attention on^ say« 
negative aspects that should be reevaluated. 

Not really, I still have many students without the basic skills needed for algebra. 

As yet, the collaborative has not affected my teaching because we have not been able to 
implement any of our plans. 

Memphis 

I was a burned-out math teacher. The collaborative has renewed me through exciting 
activities, opportunities to broaden my knowledge of math and enhancing my sense of 
professionalism. 

My teaching methods have become more creative, I am placing a greater emphasis on 
problem-solving methods and applications. 

I use technology more extensively. I am trying to find ways to implement the Standards. I 
am using cooperative learning in some instances. I plan to use writing in my classes next year, 
I also want to try some other learning styles* 

The collaborative has made me more aware of certain needs of some groups of students* More 
applications are needed. The teaching must be applicable to students in every way. There 
must be meaningful activities. 

Because of my exposure to collaborative activities, I have used a computer this year as well 
as innovative manipulative in my geometry classes. 
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How has the collaborative affected your teaching of mathematics? 



Philadelphia 

Offerings by the collaborative have been important for me, and I've taken full advantage 
when possible. PEG*s have made it feasible for me to attend meetings I definitely would've 
missed otherwise. Tve also esublished contact and professional dialogue through the 
collaborative with some outstanding teachers and professional educators. 

The collaborative has influenced me to attempt to be creative in the classroom. It has also 
allowed me to interact with teachers from other schools. 

A new enthusiasm, greater feeling of control. 

Reinforced attitude of constant professional development. 

It's helped avert burn-out, kept me in touch with the latest in software, encouraged me in a 
leadership role. I'm more excited about teaching than I've been in years. 

Pittsburgh 

It has expanded my awareness of the problems that students encounter in different areas. 

It has let us get together as math teachers and let us compare our teaching of mathematics in 
the different high schools. 

It gives teachers a chance to meet and exchange ideas and techniques. We hear of new 
programs and listen to speakers that can influence our teaching. 

It has broadenea my knowledge in the mathematics area by the seminars, workshops, etc. 
sponsored by the collaborative. 

It reinforced the curriculum that was proper for this society. 

Some of the concepts and ideas presented by the speakers seem practical and beneficial to the 
students but I still need more time to evaluate their effectiveness in my classes. 

I have been able to get examples of how things operate. 

It has affected teachers in that they have a vehicle for discussion. 

The teachers I've met have given me varied ideas and points of view that I can use in my 
classroom, and also have given me a sense of the importance of my profession. The 
collaborative has facilitated the meeting of these teachers. 
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Teacher Responses to the Diary of Professional Relationships 



How has the collaborative affected your teaching of maihematics? 



St* Louis 

The collaborative has given me a positive attitude about my knowledge of math and towards 
my students. By going to workshops (sponsored or promoted by the collaborative), I have 
learned new and different ways of presenting my lessons. 

It has helped me become aware and stay attuned to current math trends. 

The collaborative*sponsored activities help to keep me abreast of the latest research and 
activities in my field. 

Working with other teachers increases the confidence level at which I approach my work. I 
do not feel isolated in the system (on a professional level). The collaborative has presented 
me with opportunities for growth in my profession, with a chance to interact with others in 
the district and with a chance to voice my ideas. I feel a sense of strength when I know what 
others are doing around the country (as well as around the schools in my system). 

By allowing me the opportunity to communicate with other mathematics teachers outside of 
my department. I have become more involved with my math supervisors and am able to 
attend more professional workshops that contribute to my growth and development 
intellectually. 

San Diego 

Broadened my horizon. Pve changed my approach and techniques a great deal since I became 
involved with the collaborative. 

Renewed outlook around me. 

Keeps us informed about what's new. 

It has afforded me opportunities to develop myself professionally by attending national 
conferences. 

It's helped me to use different strategies and different approaches. 
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How has the collaborative affected your teaching of mathematics? 



Twin Cities 

The opportunities of interaction with other collaborative teachers has kept me alive and 
motivated as a teacher. Before the existence of the collaborative, we did not have a local 
function where we could share professionally on a social basis. 

Very much. Many of the people I have met through the collaborative have become good 
friends and have given me ideas on teaching. 

Encouraged me to take workshops. Set up networking with peers. Brought me into contact 
with leaders in math and business and higher education* 

It helped me in gaining more insight into the topic of statistics and probability (Woodrow 
Wilson workshop). 

Its sponsorship of the Woodrow Wilson Summer Institutes has had an effect both on what I 
teach (course content) and how I teach it. 
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Teacher Responses to the Diary of Professional Relationships 



What do you think is the main purpose of high school? 

Cleveland 

Critical thinking and problem solving. 

To prepare the students for advanced studies. 

To prepare students to fit into society for the betterment of society. 

The main purpose of high school is to prepare the students to become self-sufficient in 
meeting the challenges of life. 

To prepare students for the future. 

Durham 

Preparation for whatever comes of [the] life [course] the student chooses to take. 

The main purpose of high school is to help students 1) develop into citizens who are active 
in and productive for our societ* ' and 2) to help students reach their highest potential. 

To give students the opportu* y to use (apply) the thinking skills that they have already 
learned. 

To prepare students for the next stage in their life, whether this is work of further education 
[or not], and to instill in all students the desire to continue th^ "learning process"* throughout 
the remainder of their lives. 

To teach students the skills needed to be a better person, that would be socially, emotionally 
and mainly intellectually to survive and be a positive contribution to our society. 

To teach students to become productive, functioning, thinking, members of society. 

To prepare students to be productive citizens who can contribute to society and lead a happy 
or at least contented life. 

The main purpose of high school is to provide an appropriate education for each student, 
whether it be preparation for higher study, job skills, or survival skills. 

Los Angeles 

Prepare adolescents for survival in an adult world. 

Educate the student to the point he/she is able to be prepared for the next step. 
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Teacher Responses to the Diary of Professional Relationships 



What do you think is the main purpose of high school? 



Los Angeles 

To prepare students to be able to take advantage of a variety of options* 

The mnin purpose(s) of high school are 1) tc prepare young people to be good citizens, able 
to live useful productive lives, and/or 2) to prepare ir^dents for post- high school education. 

The main purpose of high school is to prepare those students wanting to go on to college for 
success and to prepare those students not opting for college for career skills. 

Memphis 

To give students a variety of learning experiences for basic knowledge. 

High school should be a relevant part of growing up* Its focus should be the preparation of 
the student for survival in the real world* The high school student should have a storehouse 
of academic knowledge and skills which he/she should be able to apply in daily life and 
society. 

To prepare students to work in the real world or to pursue their education further. To give 
students a basic education so they can discuss topics with friends on an intelligent level. To 
enhance the student*s ability to think. 

To prepare student* to function in a complex society* High schools must adequately prepare 
those students who desire to enter college so they can be successful. It is the school's 
responsibility to prepare students to enter the work force or to succeed in college. 

High school should provide a bridge between adolescence and adulthood by providing a social 
and academic atmosphere that allows students to discover their own strengths, weaknesses, and 
interests. 

Philadelphia 

A. Babysitting and socializing our youth. 

B* Provide a viable option for the opportunitv for a quality education for all 
Americans, regardless of sex, race, or socio-economic status. 

C. Provide experiences for youth to discover and practice critical thinking while 
preparing themselves to be part of an informed and responsible citizenry* ^capable of 
exchanging mutual respect and of supporting themselves financially through legal and 
gainful employment. 

D. All of the above. 
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Teacher Responses to the Diary of Professional Relationships 



What do you think is the main purpose of high school? 



Philadelphia 

High schools should equip students with solid fundamental skills so that upon graduation they 
will make positive contributions to society. 

"^o preprre for the next step of life. 

Develop people who can be lifelong learners. Develop people who can adjust to change. 

The main purpose of high school is to continue the educational process, i*e*, expose students 
to a variety of disciplines, tap into their natural curiosity, build problem*solving skills and 
ultimately empower them with a sense of control over their destiny. 

Pittsburgh 

It*s the foundation of their future in college or business. 

To teach them the fundamentals of mathematics and prepare them to develop the thinking 
process. 

To give students the opportunity to establish their skiSls and the social values needed to 
become valuable citizens. 

To educate students so that they can function in the outside world. 

To give students an education that allows them to fit into our society. 

Basically to give students a broad view and understanding of all parts of life. 

High school is an experience unto itself. It is to prepare the students for life work and/or 
more education. 

To do something with children between the ages of 14-18. 

High school should expose students to various curriculums and ideas that would prepare them 
for their life experiences and proper preparation would make these experiences more 
enjoyable. 

St. Louis 

To learn the basic background in different courses and to grow socially and mentally for the 
world of tomorrow. To be able to expand one's knowledge in many positive ways for the 
future. 
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What do you think is the main purpose of high school? 



St. Louis 

Prepare students for whatever their future goals might be, whether :t is academic, work or 
raising a family. 

To continue the academic as well as social preparation for **Iife.** Hopefully students will be 
convinced that education is an ongoing process that never ceases. 

To prepare students with the more advanced thinking skills necessary in college and the world 
of work, and to acquaint them with more advanced topics (facts) that they may need to be 
productive in our society. 

To prepare students for higher education or supply them with technical skills needed to obtain 
employment. 

San Diego 

Math is a tool that goes across all disciplines and the youngsters need it. 

To equip individuals emotionally, academically, and socially to live a productive life. 

Probably two*fold. Kids who aren^t going on (to college]. . . Gives them a foundation to go 
out and get a job. iCids who are going to higher education.. *it gives them the knowledge they 
need to succeed later. 

To teach kids how to find information that they'll need later on. 

All students should take algebra at least and those who are going on [to college] should take 
more mathematics in high school. I think that all kids can learn algebra. I taught general 
math students algebra and they liked it. 

Twin Cities 

To teach students how to learn, to prepare them for the real world, and to prep them for 
further education. 

I believe it is supposed to prepare one for college or an alternative. I don't feel that the 
current structure is doing the job. Changes need to be made so the schools, parents, and 
students are accountable. High School should give students a well-rounded education 
regardless of their aspirations. 
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Table GIO (continued) 

Teacher Responses to the Diar^ 0/ Professional Relationships 
What do you think is the main purpose of high school? 
Twin Cities 

Help students develop their ability to reason and think, develop their attitudes and morals, 
project into the future and plan, develop specific skills, build a foundation of knowledge. 

To enable students to become thinking citizens with some of the basic facts and skills in place. 



Table Gil 

Teacher Responses to the Diary of Professional Relationships 



193 



How should students be assigned to high school mathematics courses ( i.e., interest, ability, age)? 



Cleveland 

1) Ability level; 2) interest. 
Interest and ability. 

Student should be assigned to math classes based upon ability and ability only, 
a) By ability priority, b) By interest 

Not by interest, if it were we would all be out of work* Combination of ability "nd age, 
Durham 

He seemed to feel that desire and interest were more important than the other criteria. 
Seemed most concerned about the student who might be a *'late bloomer" and so be denied the 
opportunity to study certain topics because of past test results. All in all he seemed to feel 
that a student should be allowed to choose his own courses and then helped to succeed in his 
choice. [On-site observer comments] 

Interest and ability should be strong factors. All students should have the opportunity to go 
as far as they can, but there should be several options. These should include some courses 
with ''real life** consumer focus. 

The main criteria should be student interest in a course with some consideration also being 
given to demonstrated ability. Prerequisites are somewhat important but should not be the 
deciding factor. 

Interest and ability. 

Mainly ability, all math courses require prerequisite skills. I do not need to reteach Algebra 
1 or an Algebra 2 course. I disagree with the fact we have ''let down** our C average as a 
requirement to take the next course. Students will qqI strive as hard. 

I think they should be assigned according to interests and ability. 

Primarily interest and willingness to work and so le?-n* Ability, of course, matters a great 
deal but not as much as does interest and ability to work. 

On the basis of their interest and ability. 
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Teacher Responses to the Diary of Professional Relationships 

How should students be assigned to high school mathematics courses ( i.e.. interest, ability, age)? 

Los Angeles 

Ability/interest. 

Interest and ability. A student who is not prepared for a math course is programmed to fail 
Ability. Interest. 

Students should be assigned to high school mathematics based on ability and interest. 
Interest, ability , math background, testing for placement. 
Memphis 

Ability, interest (de&ire); classes could contain various ages. 

By ability and interest. Those students who have the ability and interest to go to college 
should be directed into college preparatory math courses. Other students should not have to 
have to take the algebras, geometry, or other higher level math courses. 

Every student should be assigned to a math class. Interest is an important consideration, but 
ability should be the first consideration. 

Students should be assigned according to ability and interest. 

Students should be assigned by ability. In my opinion, it is ridiculous to require Algebra II 
for graduation or for entrance into state colleges. 

Philadelphia 

Students should have access according to their interests and abilities (regardless of age); at 
some point, it may be necessary to eliminate some students (who show by their lack of 
"appropriate" participation) that would impede the group progress. We must be careful not 
to restrict access to courses which are instrumental for other goals, such as Algebra I. 

I believe ability and interest should be a priority when selecting math subjects for high school. 
I also believe a change in the structure and the methods of teaching math at all grade levels 
[is needed]. 

Ability and "need to know." 
Interest first, ability second. 
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How should students be assigned to high school mathematics courses (i.e.. interest, ability, age)? 



Philadelphia 

Ability should be taken into account, especially at the higher levels, so as not to bore students 
and at the lower levels so as not to frustrate students. 

Pittsburgh 

Ability and potential and interest. Interest would be third because some students might not 
realize that a particular course might be a part of their future. 

By mathematical ability and interest. 

All students who graduate from high school should be able to do mathematics well enough to 
lead a normal life. However, students should try to attain higher goals. High schools should 
assign students to courses that will challenge them. 

I think they should be pretested for the level they wish to enter. 

Definitely interest. 

If students are college bound, they should follow the high school curriculum for math 
students. The undecided students should be a.ssigned to the basic math courses. 

Ability and interest grouping. 

All factors, in an individual manner that considers all factors. 

I would always like to offer challenging courses to students. Students that might not show the 
necessary skills on standardized tests might, with proper teaching and motivation, find these 
challenging courses gratifying and thereby add to their own self-esteem. Students that have 
an avid interest in the subject should be permitted in. 

St. Louis 

Students should be tested before assigned to a particular math course, that way if they are 
lacking in basic skills, we will find out before it is too late. If students cannot master the 
basics they should be in remedial classes, not algebra and geometry, etc. 

In this order 1) ability; 2) interest. They first must have the ability and then the interest to 
succeed. 
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How should students be assigned to high school mathematics courses ( i.e.. interest, ability, age)? 



St. Louis 

I feel that students should be assigned to high school math courses by interest and/or ability. 
Pupils who have high academic ability must take the required coursework. They may also be 
able to take below-level math courses of interest as electives. 

I feel students should be assigned on the basis of their ability. I do not feel interest should 
play a heavy factor at this early stage. When wc have defined what knowledge is necessary 
to be mathematically literate (not just arithmetically literate) and the thinking skills necessary 
to be able to solve problems by drawing logical conclusions, we should have students take 
mathematics until they [these skills] are mastered. 

Students should be assigned according to ability. 

San Diego 

Interest and ability. 

If you do it strictly by interest, you will restrict the kids a lot. You have to push them. 
Ability has to play a part in the process also. 

Got to be a combination of interest and ability. Without the interest it's not going to work, 
and without the ability the kids will get frustrated. 

By abilities and then reassigned, so that it doesn't become a track system. They shouldn't be 
locked into grade level. 

Ability and interest &re the two things that should be considered. 
Twin Cities 

If we continue to have the large (over 25 and more likely over 30) class sizes that we have, 
then we are forced to continue to assign students on the basis of ability. However, if we could 
reduce class size (under 20), then interest could also be considered. 

Definitely ability. Gear the students to the courses. Tracking is necessary so students at the 
upper echelon can achieve to their highest potential, while lower ability students can get the 
extra help they need. 
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How should students be assigned to high school mathematics courses (i.e., interest, ability, age)? 



Twin Cities 

Ability —a combination of measured achievement and assessment of aptitude. 
Goals— depending on what the student perceives as future needs. 

By having the necessary skills to function well in a particular math course. 

A. Assuming the student has the prerequisites, placement should be elective on the part 
of the student. 

B. The state/district has the right to mandate either (or both): I) A minimum number 
of math credits; 2) A minimum math competency. 
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Table G12 

Teacher Responses to the Diary of Professional Relationships 



What do you think equity in mathematics education refers to? Can schools achieve equity? If so. how? 



Cleveland 

All schools, irregardless of their ability to raise funds, can educate their students equally in 
math. Yes, greater participation of teachers of mathematics in selection of curriculum and 
preparation to teach that curriculum. 

Providing all mathematics for all students. 

Equity in mathematics means that every student has the opportunity to progress as far as he 
or she can in mathematics based on her or his abilities* 

Equal opportunity achievement for sex and racial balance! I don't know, 

I would assume it is given that schools can achieve equity* by being fair to all students. 
Equity is giving the same opportunity to all students. 

Durham 

Equal opportunity for all Again, this person was concerned about the student who had not 
been identified as a "Math student" prior to entry into high school He felt that under our 
present set-up true equity will be hard to achieve. He feels that genuine commitment to the 
standards is our best path to achieving equity IF it begins in kindergarten. [On-site observer 
comments]* 

That every student has the opportunity to go as far as he or she can. This push should begin 
in the lower grades so students are prepared for algebra and geometry in high school. 
However, there should not be a requirement that ALL students take these courses. 

Equity is a term that refers to the opportunity for every student to have access to the same 
quality math courses without regard to socio-economic status, sex, or race* Some students 
need the added incentive of motivational intervention by teachers, counselors, and 
administration. These students who have not had required courses previously should be given 
the opportunity to fill in the "missing links" v/ith creative scheduling and instruction* Schools 
can only achieve equity if our concerns for mathematics education are moved to the 
elementary grades where we need to provide leadership and assistance for the planning and 
implementation of a curriculum that will not eliminate certain students from math courses 
later. 

Equity in mathematics refers to providing the opportunity to every student to achieve to 
his/her ability. If it is to be successful, major changes must be made in grammar schools to 
insist upon math-certified personnel at all levels. Also, the college training of educators needs 
to help teachers deal with the "real world" of high school where the majority of the students 
are not mathematicians. 
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Teacher Responses to (he Diary of Professional Relationships 



What do you think equity in mathematics education refers to? Can schools achieve equity? If so. how? 



Durham 

A) That all students can take courses, but they need to meet requirements first- All schools 
need to offer the same courses. B) As in anything^ as much as they can^ considering teacher 
availability and funds!!! 

I think it means all students have a chance to take as much mathematics as they are able* I 
think schools can achieve equity, but students are going to have to put more effort into their 
studies than they are currently doing. 

Equity means that all have an equal opportunity to enroll in classes and succeed* It does not 
mean that everyone can be a mathematician nor that everyone can play on the various athletic 
teams* We can achieve equity if students receive the proper teaching and encouragement f rom 
kindergarten on. High school is nearly always too late to start seeking equity. 

Equity refers to quotas (female and minorities)* Each student should have the same 
opportunity to advance themselves in math ar^ should be encouraged to do so* 

Los Angeles 

All students have equal access to the math curriculum adopted by their state. With 
appropriate counseling and sufficient course offerings, schools provide equal access. 

Students of all races, mathematics, both genders should have some opportunity to achieve/to 
take all levels of math. How? 

Giving all students access to the math class appropriate to their ability. 

Equity in mathematics education probably refers to students in any school having mathematics 
classes (and achieving at the same level) with any given school in the district, nation. I doubt 
that mathematics education can be achieved so long as students pass elementary mathematics 
without knowing the material and then are placed in algebra and higher math courses without 
having the necessary background. 

Equality for all students in M math classes. 

Memphis 

All students should have teachers of equal math backgrounds Yes, the school can make an 
attempt. Teachers should teach where they are best prepared not where there is a hole in 
the schedule. 
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What do you think equity in mathematics education refers to? Can schools achieve equity/ If so. how} 



Memphis 

Equity in mathematics education means eiiowing each student the opportunity to learn 
mathematics and to be the best that he or she can be. Schools can achieve this equity if they 
assign students to courses by interest and ability rather than requiring all students, regardless 
of their ability « to take courses like algebra and trig. 

Every student, regardless of race or gender, should be given the opportunity to continue their 
mathematics education on a quality leveL Right now I feel students are turned off to 
mathematics by the time they get io high school. A greater emphasis on math in the 
elementary school would help this. Train teachers to ^each the why** of maxh as well as the 
Tacts of math.*" Use concrete manipula:ives, etc*, to improve student understanding. Things 
of this nature would increase students' interest in math. Then, when they get to the high 
school level, teachers would have to incorporate this type of motivation into their courses in 
order to keep student interest. Use real problem situations to increase interest and 
investigation. 

Equity means to ensure equality of opportunity for postsecondary education in math for all 
students. This can be accomplished by teaching for the transitions from high school to 
college. Schools must develop the Basic Academic Competencies in Math: 1) reading, 2) 
writing, 3) speaking, 4) reasoning, 5) studying, 6) mathematics, and 7) observing. There must 
exist the attitude that all students have worth and dignity and can learn. 

a) Every student may be able to take the math courses they would need to pursue their career 
interests. b)Yes. Students should still need to meet prerequisites for certain courses. Schools 
could offer more applied courses such as statistics, linear algebra, accounting, and business 
math. 

Philadelphia 

I assume this refers to equal availability of all levels of mathematics courses to any student 
capable of success at those levels. I think this is possible under the direction of '*enlightened'* 
leadership which emphasizes a humanistic approach to dealing with §tud ffn^$ as p^ppje^ . each 
with a variety of abilities, needs, and goals, and each needing attention, nurturing, and 
respect. 

rm not sure, so Fd rather not comment. 

Getting each student to develop to the best of his/her ability. 

Equity means allowing all students the resources and opportunities to develop their full 
potential. 
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What do you think equity in mathematics education refers to? Can schools achieve equity? If so, how? 



Philadelphia 

I think equity in mathematics education means that all students even those with weak 
computational skill, should be exposed to advanced mathematical topics and sophisticated 
problem-solving techniquef. 

I don't know if it can be completely achieved but it is worth trying! 

General Math courses must be revamped and renamed. It should not be a rehash of junior 
high arithmetic. 

Pittsburgh 

All students have the right to a properly structured curriculum which would include basic 
math, algebra, geometry, calculus, and trig, with emphasis on word problems applying to real 
life situations. 

Definitely! We are trying to achieve that equity by having more communication among all 
department members. 

Think all math classes are taught at the same intensity level. No. 

We can't have equality at the high school level without the help of the elementary and middle 
schools. If we are going to improve the Math performance of students in the U.S., we must 
first have equal opportunities at the early ages. Vm not sure this opportunity doesn't already 
exist for the student who is motivated. The key is to motivate students early in their 
education and then to maintain that interest in the middle and high schools. 

The question is not clear. The term equity is vague in this statement. 

That all students receive the same quality of education. Absolutely. Allow the teacher the 
freedom to deal with each student as an individual. 

That could refer to ability of male or female, or black, or white. I don't know if they can 
achieve, but our goals are to try to [help them]. Subject classes consist of SO/SO, female/male, 
and black/white ratios. 

Define your terms. 

Bridging the various gaps such as gender, social, and economical. Only by bringing down the 
ones that are higher. 
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What do you think equity in mathematics education refers to? Can Schools achieve equity? If so. how? 



Pittsburgh 

I truly feel we have equity in mathematics. It is not prejudiced. A good math student is 
appreciated by the math teacher regardless of sex, age, or race. 

St. Louis 

Rules for mathematics education standards. By requiring all students to attend testing before 
placing students in courses. Then offering the same math courses, using the same textbook 
and teaching the same concepts. 

Equity in mathematics education means that all children regardless of sex, race, or economics 
have the opportunity to not only learn math concepts, but be able to apply these concepts 
within their daily lives. 

Equity in mathematics education means if pupils have completed a particular math 
curriculum, the results for individuals, regardless of ethnic background or gender, should be 
the same. Yes, equity in education can be achieved. It can be achieved by ending the racist 
and sexist climate that exists in this country. Until there is equal opportunity for all in the 
lower socio-economic structure and females, there will not be equity. Why strive if you lack 
hope of being hired. A positive change in climate, with equal distribution of funds for 
education, will help. 

An equal opportunity to acquire the basic mathematical knowledge needed and the thinking 
skills needed to produce in our society. Also, the opportunities must be challenging so that 
a student's ability is stretched as far as possible. This does not mean that all students must 
take the same courses at the same time. 

Some ways to have equity: 

1) A more accurate means of discerning an individuaPs deficiency in 
mathematics and the concepts, facts or thinking skills needed. 

2) Making sure all students are aware of the knowledge needed and the types of 
thinking skills needed. If students have a kind of check list of what is 
needed and where these are taught or practiced, they may be more conducive 
to remaining in school. 

Opportunities to participate in and be exposed to current trends and methodology in 
mathematics education without regards to financial constraints; all students should have the 
opportunity to utilize appropriate software as supplementary tools to instruction. All students 
should have teachers that have the benefit of district-sponsored seminars and inservice 
programs. 
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What do you think equity in mathematics education refers to? Can schools achieve equity? If so, how? 



San Diego 

Absolutely no meaning to me. Vague term. Equal opportunity across gender and ethnic 
group'i. 

It means allowing every kid to find his/her own niche. You can*t make carbon copies of them 
and force them. You have to provide them with the basics. 

That^s a tough one. The equity issue has to go back to the home situation. Backing from the 
home makes the difference. It*$ a thing where we need to educate parents. Parental 
education. Mexican American families tell the kids theyVe adult at age 16 and they drop out. 

Every student should be afforded the opportunities to go as far as he/she wants to. ... They 
can try. Fm not sure if theyVe ever going to succeed. 

All students should be exposed to at least algebra and not just stay with general math. 
Twin Cities 

To encourage girls and minorities to the values of mathematics in today*s society. We can no 
longer depend on the white males to supply our needs. How? Help them see how they fit into 
the picture. 

Equity refers to equality among races and genders in the classroom. There must be equal 
representation in the classroom that is the same as the minority population in the community. 
Students must also be recognized equally. Curriculum must reflect recognition of students of 
color. 

Equity means each student feels math is accessible and achievable. Each student feels any 
occupation of interest is available and appropriate- -and so is the math preparation. Schools 
musi strive to achieve equity by applying much of the research and proven methods on this 
topic! 

Equity in terms of race and gender. I believe it is possible that schools can achieve equity; 
however, schools cannot do it alone. 

Each student*s access to mathematics is limited only by his/her ability. Not alone. To achieve 
equity a number of our present students must receive additional help. This is costly. Neither 
our society nor my school district ts willing to bear this cost. In fact, this year, my district 
has eliminated previously available assistance to needy students of math! 
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